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IMPL/CaIION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
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SUlltiAAY 


Tta«  high  coat  of  buildins  and  operating  phyaical  aodela, 
such  as  aock-upa  and  gaa«  aiaulatlone,  leads  to  use  of 
symbolic  niodele  for  evaluating  complex  man-aachiae  ayataas.  Thia 
eagendera  extennlva  corjputation&l  problems  particularly  suited  to 
aolutlon  on  digital  coaputare  bcccuso  of  their  Inherent  flexibility 
the  complexity  of  the  ayatec  la  reflected  in  the  complexity  of  the 
aet  of  inatructiooK  for  the  computer.  A large  nuabar  of  errora  are 
almoet  iaovitablc  ~hea  the  coda  la  bitten  directly  in  the  machine 
language,  and  the  reaultiag  coda  la  extremely  difficult  to  check. 
The  difficulty  ia  overcome  ^y  defining  au  eaaily  understood  arti-- 
ficlal  longuage  the  coder  can  use  for  vrlting  tha  aet  of 

Isctructicns,  This  language  ie  then  tranelaied  by  automat ic 
machinery  into  explicit  instruct iona  in  the  aaohlae  language. 

The  language  ie  deacrlbed  for  the  use  of  the  Naval  Reaearcb  Lab- 
oratory computer  and  tro  aethode  for  automatic  translation  are 
explained.  Oue  uaea  elementary  IBM  aschlsery  An  a aelf-checking 
pro'jeee,  the  other  uses  the  computer  itaelf  for  performing  tha 
traualction.  The  IDii  prooedure  la  described  In  detail  in  tb.& 
first  appendix  and  a fully  annotated  code  for  the  computer  trans- 
lation is  included  in  the  second  nppeodis. 
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Muck  of  •nslnooriag  prodlotleu  im  dcno  by  tko  us#  of  oosUils,  and 
la  ganaral  tvo  typos  can  bo  tflstiagulshod  — physical  and  syvbolic. 

Such  a distinction,  of  courso,  is  not  prooiso  and  alxod  types  ara 
s— dtisoB  used.  A physical  aodol  "looks'*  like  the  real  object.  A 
scale  aodel  of  ar^  airplane  for  uao  in  a wind  tunnal  is  an  exanplv  of 
a physical  aodel.  Certain  characteristics  of  the  rer^l  object  snd  its 
enTironaent  are  abstracted  and  rule*  of  correspondence  betvess  the  real 
and  siaulated  eysteai|.sl«ar^  lalerenoee  are  drawn  about 

^ ^ ,r>  \ 

the  behavior  of  the  real  object  in  h #eat  ei^iroanent  from  the  be- 

’ - I'UA 

tiBvior  of  the  ec^l  in  the  aodel  environment*  A parallel  eitoatioo 
exlats  for  the  syab^ic  aodel.  here  ^$he  baaic  eorrespeadanoe  lies 

charactcrlstlci  «£  ibv  rsai  ooject  in  the  content  of  its  raal 
environaant  and  a Net  of  symbols. 

In  deallny  vith  systaes,  eoee  fora  of  nodal  auat  ba  uaad  slnca 
tha  ph/aioal  raal  it  y la  genarally  too  larga  to  h'm  examined  under  con- 
trollad  conditiona.  Tha  choice  lies  between  a phyelc.^!  aodel  and  a 
£ye(;''>iic  aodol.  Tha  physical  model  would  be  a aock-up  ot  the  ayetoa. 
Moote-upo  of  any  reasonable  size  ayateei  are  very  coatly  and  ir^uite  itpecial 


u 


suaK»‘SSx;.'a£UBB3Svxrx>«;«aR^^ 


to  tho  pnrticalfir  syatss.  Sjabolic  aiodcla  are  inexpe&alv#  aaci  tEie 
aar<a  eosp^tinc  aacblnerT  caa  ba  uaed  to  cra].uate  the  eodel  of  an^ 
sjstea.  Althoush  inexpenalre  and  easy  to  control.,  the  syabollc  eodel 
suffera  trcs:  its  decree  of  abstraction  fro*  tbe  physical  reality.  At- 
teapta  to  iaprore  tbe  oorrespcndenoe  lead  to  cueberaoee  and  intricate 
descriptions  wblcb  of  course  turn  Into  cusbersose  and  Intricate  aeries 
of  Instructions  to  a oonputer. 

Generally,  tbe  oorrespondenec  bstreen  aodel  an:^  ~eality  is  In 

terse  o.f  neasurea.  A sys^oX  Ip  'tb  Represent  a aunerleal  neasure  of 

’ -■/'  ' 

sons  property  of  tbe  real  altuatloh.  Tbe  rwles  deswrlblng  In^eractlone 
between  tbe  nunbfra  associated  vlth  tbe  syi^ole  are  presuned  to  bold 

' • . ■ ' r-' 

for  Interactions  beibesn  the  seaeurg* slits  of  pro'vsrtles  of  tbe  real 
ayetes.  Tbeae  rules  are  generally  •vib«>aaMS  im  rrth- 

enatical  dlecipllae  or  dlsciplin'ys  and  carry  the  Implication  that 
tis  ■easures  and  their  intSTactloss  satisfy  tbe  definitions  and  axioHS 
of  the  fornal  discipline.  Thus  there  are  two  sets  of  rules  which  the 
Bsaeuass  tzcsst  satisfy:  tb«  special,  correspoa<^ins  to  Tint  particular 
■odel,  and  tbe  geaeral,  correepondlng  to  the  eathenatlcal  dlsciplib:e. 

A largs  advSnvags  is,  of  course,  that  eany  broad  relationships  con-* 
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ccrnicg  th*  ny  la  th*  gaaoral  rulac  ara  Intar-ralatati  b««9 


pravioualy  derived  vitkia  tke  freaework  of  deduetlve  losio.  It,  for 


exaaple,  tke  eotioa  of  a pkyeioal  eyatse  sea  be  ebova  to  be  suitably 


deeoribed  by  the  differeatial  equatlea 


X -e  ? (I)  I O (X) 


0. 


tbea  certain  coadltlone  oa  F aad  0 oaa  be  atated  for  vhlcb  a periodic 


free  eotion  of  the  eyatea  ia  possible.  This  ie  iaf erred  vithout  ex- 


plicitly calculstiss  tho  Botioa  of  the  ayatea. 


Coapuiera  hare  now  made  poaaible  the  aaalaulatioa  of  ayabolie 


Bodela  of  a siae  hiikerte  uafeaeiblc.  Before  their  adreat»  aaalytio 


iareatifatloa  eaa  tbf/'Oi^^jr,  '0^  0tSwAag'-mith  aodela  of  aay  dei^ree 

^ 

# > •1  r 

1 i 

of  eonplesity  beoaaae  of  tly-|eajpei|i^»  '^d  difficulty  of  awaerieai  oal- 


cu 


latioa.  Xadeed  abjC^FCis  baa  paid  treaMadaffa  diridaada  ia  the  coat 


tiae  iarolred  ia  aak tef-e BBtaairyf ag  prsdiotioaa.  Aa  a result,  however. 


the  eat ire  proeeaa  of  sodel  eeaotruotioa  baa  beea  so  colored  by  the 


requireaeata  of  aaalyais  that  of  tea  tteedleae  effort  is  exneaded  iia  pttt- 


ciag  the  des?“l?tioa  for  a cespator  into  props?  i'ora  for  aaalytic  i»- 


feraaoo,  craa  whaa  there  ie  bo  Intent Ior  of  attcaptlng  to  Bmee  such 


iaferenoee. 
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Koif^mr,  If  a ralatlvaljr  diract  daaerlptioa  of  titia  phyaical 
Bjrataa  is  c^^aimtar  taraa  la  aaployad  aavaral  adTaatasaa  aecrua. 
first  f t.Hara  la  a elaar  oorraapondsnea  batvaaa  th«  ceaputer  rarlablaa 
aad  thalr  lataraetloaa  and  tha  pbyaloi&l  varlatiriaB  aod  tbair  Intar- 
aotioDB,  wblok  laada  to  a coaputar  coda  that  ia  aaaj  to  chack  xor 
Its  oonaiatancy  and  Ita  cioaanasa  to  raality.  Secaad,  dlract 
daserlptloo  tanda  to  raaora  tha  atrlcturaa  xapoaad  by  forclag  tha 
aodal  to  coafora  to  apaoisl  Bathaaattcal  propartlao*  for  axaapla, 

If  tha  :7r':9blaa  la  to  ooaputa  tha  bahavlor  of  a syataa  bast  daa- 
erlbad  by  a aon-llaaarj^ifjhif'aBtlal  a strong  tasdaaey 

axlats  to  llxtaarlaa  tha  aolva  It*  Actually  for 

tha  coapu^tar  thez^  ia  only  slight  dlffaraaaa  In  difficulty  batvaas 
a liaaar  and  aon>llnaar  adBa^iea; ' la  faot»  aa  far  as  daaerlbinv 
tha  syataa  la  oonearnad,  thara  Is  llttla  point  In  aran  writing  a 
diffarential  aquation.  The  physical  laira  relating  tha  Baasuras 
can  ba  written  directly  la  c«>«p<ttar  taraa.  This  doa^ot  iaply  that 
analytlG  InrastisatioB  ia  sot  fruitful*  but  ihuA;  tha  coaputar  daa- 
r.riptioa  and  tha  asalytic  daecrlption  arc  In  gac«ral  separata 
problana  and  should  be  dealt  vith  oaparately.  Tha  coaputar  doscrlptloi 
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'D«co««a  than  r?  norm  or  losa  «2ir*ot  aoAlofua  sf  the  roal  ayataa  and 


can  ha  axaalnad  In  auch  th«  aaaa  naanar  aa  a phfaioal  analoffua. 
addition  to  apaolflo  nuserioal  rssulta  oonearBlog  tha  aaaauraa  of 
propartlaa  aaaoclatsd  vltti  tha  ayataa,  raluabla  qualltatlra  axaa- 
Isatlona  ara  poaalbla,  flaaa  adaQuata  praaantatloa  of  tha  raaulta 


In 


of  tha  ooaputcr  aodal 


CBAPI'IR  I 


paqBiJHiii  iir  ^ corjtrpctioii  cf  pioital  coagun*  awaloopbi 

Th*  Adscript lou  of  a oovputor  analoRuo,  tkat  la,  tlia  elaulatloa 
of  coaplaz  ayataaa  bj  aaana  of  a oat  tf  lastruotloss  on  a largo 
acalo  digital  coaputor,  loads  t>  probloaa  that  aro  not  ordinarily 
oncountorod  in  routino  oalotslatlona.  Root  of  thosw  aro  engondorod 
by  tho  ccaparatiroly  largo  nuabor  of  inatruotiono  and  logical 
altornatiTca  roquirod  by  tho  coaploxity  of  tho  ayatoa. 

Tho  calculation  procoaa  can  bo  brokon  dovn  into  firo  otopa. 
Tkaso  arf)  prograaaing,  eodisg;  atbdo  elHiel^ittji,  sjchock  run  and  oal- 


-k 
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culation  run,  Tbo  atoapia  aro^p^^  but  arb  ororlappiai;  and 

intoracting,  Prcgrad^iag  is  ibo  planning  of  ^|lo  gonoral  ebarac 


tor 


of  tbo  aodol  to  bo  ueod.  Tlr‘a  IniiiTaod-  tbo  obolco  of  abaraetor- 
istirn  to  bo  roprcaontod,  tbo  nboico  of  ooordiaato  oyatoao,  tbo 
roopoasos  to  bo  rocordod,  tbo  ooTiroaaoBts  to  bo  ozaaisod,  and  tbo 
'soaputational  sciuoacoe  to  bo  oaployod.  Tboro  aro  ofton  oovoral 
oquizalont  aatboaatioal  statoaeata  of  a glzea  rolatioasbip.  Tbia  ia 
ivirticularly  truo  of  itorntiye  prcrcoaaoe  wboro  so^oral  soquoncos 
ooiivorgo  tc  tbo  aaao  roault.  This  aoloction  of  aotbod  failo  in 
tbo  taak  cf  progranaiag.  Coding  is  tho  vriting  of  tbo  ozplloit 


incitruct  10*23  for  the  coRputer,  trb*^8&a  cod*  chooking  la  the  ra- 
viav  of  Thb  ooda  praferablj  dona  by  aoaaona  o!tliar  than  th* 

original  codar.  Tha  chack  run  la  dona  on  tha  ooaputar.  and  tha 
coaputar  raaulta  ara  coaparad  with  a praoalculatad  prct-l^a.  than 
thla  pirocadura  la  ooaplatad,  tba  calculation  aaquanc*  la  run. 

For  largo  acale  coaputara,  ha  coat  of  coapctax*  tlaa  comparaa 
with  tha  co9t  of  twanty-tO'^forty  bgu;  dapandlng  on  tha  particular 
nacblna.  Tbarafora,  on  a coat  baala  batwaan  twanty  and  forty 
nan-hour a ara  wall  apant  if  they  aava  an  hour  of  coaputar  run^ 

but  a bigbar  ratio  than  >blf Iciant.  in  ad- 

\ • ‘ ' ' : \ 

/ y ' ' ^ 

dition,  tbar*  la  of tan  a large  tine  ptaalua  wbad  a coaputar  aodal 
la  uaed  to  aid  an  abflnaarlng  dacialon.  Tba  f^lanow  of  taaaa 
factora  varlaa  froa  prolri^a  to  problay^  ifo  a largo  aatant  tlaa 

- iir  Til** 

apant  on  progmaaing  cannot  ba  axchanirad  for  coaputar  tlaa.  Tbia 
la  not  trua,  howavar,  for  coding  and  cod*  checking.  A typical 
axaa'pla  la  tba  uaa  of  floating  daclaal  aub-routlnaa.  dealing  a 
particular  coda  to  rataln  algnlflcanca  undar  coaputetlon  a3.£ht  take 
one-2:iundrad  oat^-houra  for  a coaputlng  run  of  fivn  slnutss,  not 
counting  tlna  apant  in  raadlng  Inatruotiona  in  and  ronulta  out. 
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Although  flo&tln,?  d«clRml  o|p«r£tlcss  aight  take  t«n  tinas  as  Icng  in 


ooapacar  tiaa,  tbalr  usa  hare  rasulta  in  a larga  nat  raductiou  in 


total  cost  of  cosputatloQ, 


Siaalatlon  problsas  ara  elMraetarixad  b7  high  ratios  of 


iasiructioQS  to  ▼arlablos  and  coastasta,  a high  parcantaga  of 


coajpariaoas  aaoog  tha  iastructlonSf  and  a raduiraaant  for  astrawe 


ilaaibilitj  ic  dsecription.  Lat  us  aasuMa  that  a codar  writas 


diraotlg  in  tha  aachina  languaga.  That  is,  ho  usss  the  s^Mvical 


fora  of  tha  vAohioa  addrassas  and  tha  nunsrloal  fora  of  tha  aachina 


op4iratioas.  Tha  daseripti^■C"o|"4  ^^Aft^  d/staa  emy  saally  laTolva, 


SST,  2,000  singla  c^idrsaa  instruct io-JS  had  pstrhsps  ISO  Tarlablas 


* , . ' f'.'  A"'  ' ; ' > 

and  constants.  Bk  analogr;  his  problaa  is  sltiilar  to  siting  a 


4,000  word  assay  in  V^osplataly  aav  lajig^ga  vlth  tha  paaalty 
that  a singla  aistaka  in  spalling  or  graaaar  aarns  hla  a asrk  of 


xaro.  Tha  languaga,  aoraorar,  chaagad  not  only  froa  prcblae  to  problaa 


but,  in  ganaral,  whanaTar  tha  oodsr  aakas  any  sort  of  altaratiou 


Lu  parts  of  th«  dvscriptics  already  erittsHi  The  cod*  chackar  in 


turn  aust  laarn  thia  laeguago  is  ordar  to  datarr  any  errors  in 


tha 'Spalling" , i.e.,  tha  addraesoa  used  In  the  instructions,  or  ia 


lAitk 


tbtf  "grmnmttr  '’ , 


l.«.  f tbo  logical  atrucb-.ir*  of  the  code.  The  net 
reeult  ie  tbat  at  least  for  ssrstems  probleas,  coding  in  this  fora 
Is  either  Impossible  or  at  best  a long  and  costlj  process. 

To  obviate  this  difficulty,  the  coder  should  be  pcrsitted  to 
trrite  his  description  is  a sore  understandable  Iscguage.  If  this 
language  is  chosen  so  that  an  explicit  set  of  rules  can  be  provided 
for  trenalatlng  the  code  froa  this  font  into  aachlne  fora„  the 
translation  can  be  performed  by  sachlnery,  elisinatlng  a large 
source  of  clerical  error.  Thus,  a symbolic  coding  method  saves 
money  in  tine  spent  on  codi&j^^  tl»«  spent  l»..code-oheckinff,  and, 
because  of  the  reductioif  lih  probability  of . ssrbr.  ^somputer  time 

In  the  check  run.  Thli  last  a^aniage  might  be  re^^ced,  if  the 

\ 

\ 

computer  itself  ie  used  t^-perlora  the  tran8],|l^oc. 

If  it  is  postulated  that  a general  purpose  digital  computer 
mill  b«  used  for  perforsing  the  translation,  almost  complete  free- 
dom exists  in  the  choice  of  language.  The  only  sajor  difficulty 
here  is  the  specif icaticn  of  the  rules  of  trEas’ation.  For 


uxanplo,  standard  algebraic  notation  might  be  used,  trerAting  numbers 


as  mambors  of  the  tield  of  real  nunbers.  A direct  translation  frna 


this  f ormulftt'.ion  ^ould  fail  In  mt-riy  Instspcew  dui3  t^-  tbn  'sanputar 


lialtatioa  to  a fioito  est  of  itllovod  nu?sber»-  At  this  tiee 
inaufficlent  know]L*)d){«  rzists  concarniog  this  liaitstion,  and 
thuc»  rul9S  of  dirsct  translmtloD  casaot  b«  foraulatad. 

As  & coaproaisa  tvo  slapllf Icatlona  In  th«  coaputer  lunguage 
can  b«  paraitted.  First,  instaad  ol  asing  axpllcit  aachina  addrassas 
the  coder  can  specifjr  locations  by  aasns  of  five  arbitrary  alpha- 
nuaerlcal  syabols.  This  redundancy  paralts  cueing  t^ie  given 
aaaes  to  descriptions  of  the  variables,  so  that  the  syabcl  grcnplngs 


refer  to  standard 


have  anenonic  content^'  ^an 

pattein<?  of  lnstr^etion8  by  a sinifle  ^yabol,  followed  by  the 
addresses  of  approprlats  varlablss  for  entry/lnto  the  pattern. 


iO 


OpctratioB 

Cod* 


10 


11 


12 


13 


30 


TABjuJI  1 

IWSTROCTIOW  COPS  WOSi  lURSC 

Codlni; 

8y»bcl  Oporationfcl  Inetructlop* 

TCL.  Transfer  the  control  to  the  left-hand  order  of  the 

word  at  atorago  location  s. 

TCR  Transfer  the  control  to  the  right-hand  order  of  the 
word  at  storage  Is^catlon  s.. 

CTL  If  the  ctisber  in  the  A register  is  greater  than  or 
equal  to  aero,  transfer  the  control  to  the  left- 
hand  or4*r  of.. tke  amv^  ^-q^tcrnge  location  e; 

,\  ,,j,  ..j>  .'i,  — 

/ y 

otherwise,  proceed  to  tse  seai  order  of  the  routine. 

' t"’  • ' ' ' 

CTR  If  ^thf  nunber  in  tb*  A registet'  is  greater  than  or 

t 

\ / 

equal  %4t  sero,  transfer, 4A«  ocstrol  to  the  rlght- 
band  order  of  the  word  at  storage  location  a{  other- 
wise, proceed  to  the  next  order  of  the  routine. 

KEjL  Beplao*  digit*  O titrough  12  of  the  word  at  storage 
location  e hj  digits  0 through  13  of  the  word  in 
the  A rsgiatsr. 

lUCR  leplace  dlg.its  34  through  38  of  the  word  at  storage 
iocat.ion  s by  digits  0 through  13  of  ths  “ord  in 
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WKk&SSfJi^; 


t=9  k re2lst«r. 

incrvfta^  tha  atoraffa-locatiou  daalgnAtion  of  tha  laft- 
hand  ordar  of  tha  vord  &t  atorasa  location  a by  ona. 
Incraaaa  tha  atoraso-locatlon  daaignatlon  of  tho  right- 
hand  order  of  the  vord  at  atorage  location  a by  ona. 
Shift  the  contontB  of  tha  A and  U raglatera  (eacoptlng 
sign  dlglta)  n places  to  tha  laft.  The  ovarflovs  on 
tha  left  of  the  A register  are  auccasalvaly  placed 
In  the  vacatgid  iflj^it^l,  ^etb<«.onB  of  tha  U register, 

, 'v  - 

while  tha'Wcatad  posltioaa>  of '^th#  A register  are 

av-. 

aada  zero. 

Shift  the Nsoatants  of  tha  A gwl^latar  (azcaptlng  tha 
aign  digit}  a placee  to  iae  rlgut.  TLv  vaCMvww 
digital  positions  on  tha  laft  take  the  eaae  condition 
as  tha  sign  digit,  and  tha  overflow  at  tha  right  la 
droppad.  The  contents  of  the  U raglatar  reaain  un- 
changed during  thia  operation. 

Read  the  worde  between  the.  "start”  and  'atop”  indi- 
cations fro»  the  wa^netir  t^P*'  Hagnetic-tape 
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I 


32 


33 


Art 
m w 


41 


42 


43 


50 


5i 


52 


RD  readsr  to  couaecutive  atoraero  locatlonii  beginning 
with  atorage  Iccatlcn  s. 

RC  Record  tn«  vord  at  atoraga  location  s on  the  aavnetiR 
tapa  of  the  aagnetic-tapa  recorder. 
l/A  Transfer  tuo  uumuoi-  In  the  U register  to  the  A 


reglater . 

AU  Transfer  the  nuaber  in  the  A regiat'er  to  the  U 
register. 

FA  Transfer  the  vord  iiL  tli4  A register  to  atoraga 
location  'fj.  ' ^ 


?U 


Transfer  the  reglater  to  storage 


location-.s. 


e I*' 


I'ranaTer  the  er  5 tc  the  A 


register. 


MA  Trasafer  the  aegativs  of  the  nuaber  at  storage 
location  a to  the  A register. 

TAB  Transfer  the  abaolute  Talue  of  the  nuab'»r  at  storage 
location  s to  the  A register. 


I'  -.jTi--  f "S'*  I 'i®' "w"' 
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51 


54 


RR 


56 


67 


60 


61 


tiAB  TriiLaafer  tha  negativa  of  tha  abaoluta  Talus  of  tho 
nuiabar  at  atoraga  Ir^atlon  a to  tba  A reglatsr. 

AD  Add  ttad  number  at  utoraga  location  a to  tha  word  In 

the  a ragiatar  and  place  tha  raault  in  the  A r«gl8t(«r. 

SU  Add  negatively  iha  nusbor  at  atoraga  location  a to  tha 
word  In  the  A register  and  place  the  resalt  in  the  A 
ragiatar . 

ADB  Add  tha  absolute  value  of  tha  ntiabar  at  storage  loca- 
tion a to  the  nuwbar  In  the  A register  and  place  tha 
result  in  ^ , 

, ' a'  ■"  ‘ ■'  / ' 

/ 

SUB  Add  negatively  the  hbhs|luta  value  of  the  nusber  at 

storage  location  s to  tbs  nu;;bsr  tn  ths  A register  and 
place  ths  raetrta-  **»jtJ** •^'•'“Sister. 

UU  Multiply  the  nusber  at  storage  location  s by  the  nusber 
in  ths  A rsglster  and  fora  tie  hlgh-ordsr  product  in  the 
A register  and  the  low-order  product  in  the  U register, 

MM  Multiply  the  nusber  at  etorage  l>>catlon  a by  the  nusber 
in  the  A register  and  fors  the  rounded-off  high-order 
product  in  the  A resistor. 
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tt#  nusbsr  in  th«  A rejlstar  by  th«>  n«iab«r  at 


storage*  location  m and  fox^  tha  roundad-off  quotlant 
in  tha  A rafflatar. 

Raaet  ths  U raglata?  to  £9ro. 

Raoet  the  A rssistar  to  zero. 

Tranafar  tha  n ecrda  at  atoraga  locaticna  to 
(a^  plua  (n-l))to  atorage  location  ag  to  (ag  piua 
(n-1)  ) raepactlvalw. 

Step  aachine  oparatlon. 


r . ' 1 , f 


CBAPTtI  II 


COSl  ULHGOAOE  AMD  T&fcMSLATIOH  PlUX^ASaiS 


Xq  th«  appvndicM  two  diff«r«nt  traDalation  aatbods  ara 
daaoir^bcd;  on«  u»«s  olsaantary  IBN  aackinwry;  and  tha  othar  usao  a 
larga  ^anaral  purpoaa  digital  coaputar  (tha  Naval  Raaearoh  La 
Coaputar  - NARKC),  Both  tranalatlon  procaaaaa  aaploy  approx laataly 
tha  oane  baalc  coding  languaga.  This  languaga  has  two  pr Incisal 
faaturas,  »y:<«bollc  rapraaantatlon  of  addrassas^  and  syabollc  rafaranca 
to  pattern  subrout  leas.  Pattarn  subrout  litas  differ  fros  transfar-C'f*- 
control  subroutines  In  that  they  are  Inoorporatad  in  tha  sain  saQuaeoa 
of  Instructions  rather  than  occupy  a sat  of  standard  locations. 

If,  for  axaspla,  there  Is  a subroutine  for  finding  tha  dot  product 
Ox  throe  dlRanslonal  vectors,  the  pattarn  fora  would  appear  as  follows 
(Refer  to  7ABLX  I for  tha  uaanlng  of  tha  operational  syubols): 


TA 

XI 

MR 

Y1 

PA 

T1 

TA 

Xm 

MR 

Y2 

j,,  ■ 
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AD 

T1 

TA 

T1 

TA 

X3 

UR 

Y3 

AD 

T1 

This 

psttsrn  would  bs  Included  In  the  nsin  sequence  of  instruc*^ 

tions  shes 

ever  the  subroutine  is  used,  differing  only  in  the  sddrssses 

cf  XI,  Yl, 

X3,  Y2,  X3,  T3.  As  ft  trsnsfer-of -control  subroutine  the 

Instruct ion  sst  would  sppssr! 

TA 

XI 

PA 

81 

TA 

* V • j • * e 

PA 

83  * 

r.'/icji  i i L’a 

TA 

X3 

PA 

83  ^ . 

TA 

Yl 

PA 

84 

iA 

Y2 

PA 

85 

17 

DPZII.  (Sei«t  oniL  tfe«aMr«as  wWr«  th* 


ovMrleJLl  of  S9XX  (&b  addroM)  is  otorod. 


DTZl  ooxt  iMtrwetlsa  la  aala  aaqaaac*. 


OMVT  TA 


5^X  fC 


Clearly  la  this  case  the  p-5tter£i  eu\vyoMti»--e  ta  aore  •coaonical^ 
•inc*  the  set-up  instructions  are  longer  than  the  routine  itself.  It 
is  to  he  noted  that  when  instruct ions  are  acted  oe  by  other  instruc- 
tions. they  oust  bs  tagged  with  the  reference  nase. 

For  a further  exaraple  suppose  the  action  of  a ship  heading  for 
a aooring  buoy  is  being  siaulatea  and  the  Inforaation  desired  is  the 
aiae  and  eosine  of  the  course  angle  to  the  buoy.  Also  aasuue  that 
routiaSf  called  6’ICOf  has  been  established  that  gives  these  for  any 
two  points.  This  could  have  tso  different  translatioDS^  depending 
on  whether  a pattern  subroutine  or  a transfar-cf -control  subrout las 


ussd. 

The  subroutine 

would  appear  gwner 

TA 

XI 

(1) 

8U 

X2 

/ W"  ' 

WA 

t 

* 

IT  A 

* \ 

MS 

X 

\ 

‘■s 

*♦ 

FA 

fl 

TA 

Y1 

(a) 

8U 

Y2 

(4) 

FA 

Y 

'v 


lO 


h 

\ 

\ 

i 

s 

s 

\ 

\ 

I kHL  1 

FA  K 

i For  tb«  pattern  aubrcatln«  codar  vouid  aa«u»a  fcllevlnc 

dlctiooar;: 

(1)  Slip  Z - X pocitlcn  of  ship 

» 

j {2)  SHIP  T - T poaitlon  of  aliip 

I 

I (3)  BCffT  Z - X poa.it ion  of  buor 

I 

(4>  BLOT  T - T po-lt>ob  ’1  , - ' . , 

<5}  SHIP  S - Siod  of  BhlQ*a  courM  aoA:lS  . 

(S)  SHIP  C •*  Coaiss  cl  ship* a eouraa  aa^la 

TOL  - adaiaalbla 'a«ror  in  calculatlao  of  a^isara  root 

a 

Tbua  tb«  codar  vould  vrita  SICO  B1X>T  Z,  BIK>T  T,  SHIP  Z«  SHIP  T, 

SHIP  S.  SHIP  C. 

Tlia  sddrasaaa  folioaisg  SICC  aould  raplaca  addraaaaa  at  tba 
corraaposdir.g  nuabara^^  poaltlona  ir  tha  pattarn.  To  usa  a tranalar- 
o;~coatroi,  tka  cortaot  iocatisaa  io  tka  aat-kp  inatruotiona,  cooaldar- 
iog  tka  aai-ttp  Icatructicna  aa  a pattarn,  ara  raplacad.  Tkia 
sppaar  SiCO  BOOT  Z,  il«OY  Y,  SHIP  Z^  SKIP  T,  Slltp  B,  SHIP  C,  H?»TL, 

HIITT  ia  tft*  Qsxt  iaatruction  ic  tb»  maio  routina. 


21 


JUKTL  i« 


the  flai4D«r 


¥%9& 

trn 

■nln 

routinn  Wiist 

bn 

(1) 

FA 

XI 

TA 

<2> 

FA 

T1 

7A 

<3> 

FA 

x2 

TA 

(4) 

FA 

12 

TA 

8ICXL 

XX 

STCOJ 

Ifts^ 

SICOX 

ICI 

TA 

SIX 

FA 

(5> 

TA 

COS 

FA 

TC" 

<7> 

loc&tios  ul 

f»r  Af  ccstrol  •obrcut ine j,  tb.9  exit  to  tl 
tcifiad,  Thmi  piitt#rs  *<o:jV4 


^ "i  i 

I , i » 


Additional  dlction&rr  for  trancxer-of-coBtrcI 
nabroutlfio  in: 

8ieC£  ~ last  iTsstructiosln  subroutine 
SICCA  - sddrsBS  of  first  insiriictioE  of  aub- 

routioiv;  {7)  i»  tke  address  of  tha  address 

of  th*  next  iastructlon:  in  tais  probles 

nintL 


32 


This  pattern  planes  ths  srgusastss  in  the  correct  locations 

for  use  of  the  stasderd  set  of  laat.ruot ions  that  ;x(«priae  the  subrouti7j«. 
In  addition,  the  pattern  proeidee  for  proper  return  of  control  to  the 
eain  sequence  of  inetrocticae.  In  other  words  the  set-up  instruct ions 
for  a tranefer-of-control  subroutine  are  treated  as  a pattern  and 
translated  an  such. 

Tranelatloa  by  The  translation  by  ssans  of  IBM  sachiner? 

oan  bs  dleidsd  Into  two  sain  stwps;  first,  translation  froa  sultlple 
address  sysbolic  fore  addrsss  sysbolic  fora,  and  second, 

, i t,  . 

translation  froa  slhgls' address  pyabollo 'tdr#'^into  specific  a&ohlns 


instructions. 


■ ■ I ' 


In  the  first  step  deck  of  esrds  con^ininf  the  Instructions 


in  aultlpls-addrssa  fora  is  sorted  by  eubroutinc  designation  and 
ths  nuaber  of  occur resces  of  each  subroutine  is  counted.  Standard 
sets  of  <jafds  are  prepared  for  each  subroutine.  These  contain  the 
couplets  coded  pattern  of  the  subrout iss  with  addreesew  that  are  the 
saae  for  each  use  of  the  subroutine  iii  sysbolic  fora  and  hl-sha 
left  for  the  positions  occupied  by  the  arguaents.  la  addition, 
the  subroutine  decka  contsis  punches  that  control  the  read  feed  of 
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ILg  rsproducar  Xhn  tXsiing  oi  selector#  that  punch  th®  it.rguaeata 

into  tho  apprcpriat®  positions  in  tho  subroutine  d«ck.  Tbs  instruction 
dock  Is  placed  In  ths  road  food;  tho  subroutine  decks  are  placed  In 
tbs  puneb  fssd.  As  each  irstructlon  card  passes  under  tbs  remdlns 
brushes,  all  of  the  iaforaatlon  is  punched  into  the  first  card  of  the 
subroutine  dock.  This  Inforaation  is  ganf-punchsd  back  into  successlrs 
cards  of  the  subroutine  deck  whlla  the  read  fesd  is  held.  Selectors 
then  transfer  the  sjsbole  free  ^tbs*'Tgirai^-|wrBehad  colusns  Into  appropriate 
positions  on  the  subrout^as(»^ cards.  When  a,  subf^tins  is  cospleted, 
tho  neat  lastruetlon  card  is  rebd.‘  this  process  results  in  a deck 

containing  a-  set  of  instrac^ioBS  In  terss  of  til#  elesentarj  operations 

■'>1^ 

. •• 

P.!5  0 

of  the  coaputer,  but  vlth  spsdfelg  still  is  sTSbollo  fors. 

The  aest  step  Is  the  traaelatloB  of  slngle-addrese  syabolic 
fora  into  explicit  aaoUtae  language.  First,  the  deck  of  single- 
address  instruct  loss  ars  nuabersd  sequent  la  1 1 jr,  beginning  vlfth  the 
first  address  ^bare  Instruct Icaa  are  etored^  Next,  those  instructions 
that  are  naeed  are  extractsd  froa  the  deck.  Thsa«  are  used  te  fora 
an  auxiliary  sat  of  dictionary  cards,  containing  the  syabolic  fora 
of  tho  caac  and  the  aachlne  address  assignaent.  Thessi  are  lusped 
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I 


Mith  the  dicticoftry  cards,  bearing  the  syebo'iic  fora  cf  TRriAblMM. 
paraaetera,  and  paeudo-rarlablr.a  to  fora  the  coaplete  diotiouary  deck, 
Tbe  dictionary  deck  la  placed  in  a aortar  followed  by  the  i^istructlppi 
deck  and  aortad  on  tba  ayBbolie  fora  bf  the  sass.  The  aachiua  addraaa 
is  then  gang-punched  into  the  Isatruotion  deck.  The  ayabolic  fora 
of  the  operation  ia  aiailarly  tranalated  to  fora  a coaplete  aet  of 
inatructiona  in  aachine  terninology.  Thia  ia  no*  printed  for  tranafer 
to  tape  or  other  aeana  of  aachine  input.  The  Icteraadiate  checking 

prctoeaaea  have  not  9ufficbi^^y  that  all  operationa 

.*  / 

V 

are  aachine  checked  to  arrive ipi|  ^<|i*y,  Xow  probitbility  of  error. 

Traaalation.  by  WAIUIC.  In  the  tranglation  process  for  the 
NAKIC,  aiailar  prooeduraa  are  YUllOVblf^  with  allowance  for  the  oapa> 
bilities  and  llaitationa  of  the  coaputer.  The  proceaa  ia  pradicatad 
on  the  use  of  fi~«— bit  Klpha  -uuaerioal  rspraaeotat^von  of  inpat  cyabola. 
The  dictionary  i#  read  into  the  aaohine  fir at.  This  conaiets  of 
fire  fire-bit  eyabole  for  each  ajrabollc  fora,  a total  of  twenty-five 
blta  occupying  the  laat  portion  of  a aachine  word,  aa  the  dictionary 
ia  read  in,  as  address  is  assigned  to  each  aysholic  fora.  in  ad- 
di\tion,  the  nuwber  of  forns  beginning  wiii  each  of  tfea  thls-t;y-two 
posaibla  initial  ayabols  i«  counted.  The  dictionary  ia  now  sorted 
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Into  blockn  corr«sposdii:-s;  to  tbe  .(altlal  sjnabo}..  Thiis  is  dou«  so 

trtat,  vh9n  tr&nslatlng,  th*  sfiohin*  nead  onlj  Mv^rch  cn  the  evarag* 
ov*r  1/32  of  the  dlctionarj.  Mow  the  Intructxone  ar^«ad  la  as 
operation  reference  blocks.  in  other  vorde,  thupise  of  the  read- 
in  vlll  depend  on  the  auebev  of  addreeeee  corresponding  to  the  .pert- 
icular  operation.  If  the  inetruction  read-ln  hae  a uaae  associated 
vith  it,  the  nase  and  the  assigned  addreee  ere  placed  in  the  ap- 
prsprie.te  location  lu  tue  dictionary.  Since  a naaed  instruction 

t 

My  be  referesced  in  eoMyOthbf  preceding  it,  a speoial 

section  of  the  aesory  - is  set  aside  for  .ktoirlng  suca  referenc'^^s. 

. . ■ ' ' ’ r i ‘ 

When  the  naaed  inetruction  le  read  in,  this  seotipn  is  checked  to 

f*' 

see  if  reference  has  been  aadw  appropriate  address 

is  If  tils  operation  refers  to  a pattsrn  subroutine,  tha 

arguaents  are  inserted  into  the  correct  locations  lu  the  pattern, 
vblch  is  stored  in  the  eeaory  in  eysbollc  fora.  Tbie  pattern  is 
now  eoved  as  a block  to  the  translation  position  and  translated 
as  a set  of  single-address  iastructions.  Various  special  proviaione 
are  sade  for  block  transfer  Inscructions  and  thoee  operations  for 
vhicb  the  nuserlcal  coda  varies  for  right  or  left  ^-wference.  In 


additicn,  various  suvaidlor^f  cbacks  art*  »«<!•  to  t«Rt  aeTsory  r®- 
liability,  coaplataacaa  of  dictionary,  aniL  coapiotonesa  In  pnttara 
subrout ln«  rsfsronco. 

2>stailad  forsulbtiona  of  thss*  procasaas  ara  Includad  In  tha 
^PS^ndicaa.  Tba  coda  for  tha  MASXC  tiasalatlon  la  arittan  In  proper 
fora  for  alnffla  addraea  tranaiatlon  by  IBH  nacblnery  and  aay  ba 
azaaiaad  aa  an  axaapla  of  ayabollc  coding.  Tba  NAUBC  coda«bas 
not  aa  yat  baan  aaobina  cbackad  and  tfaarafora  in  nubjact  to  alnor 
ravlalon  and  corraetion. 


2t 


AP9KMD1X  I 


IBM  TMAK8LAT10H  PKOCKSS 

K.  J.  Icftac,  H.  Wmnself  S.  Aadaraon 

Tb«  IBM  procaaa  tranelataa  th«  aultipla-addraaa  ayabollc  code 

into  aiingla-addresa  spabolic  coda  which  la  than  translated  Into  explicit 

aachina  code.  The  code  aay  contain  individual  alngle -addreea  in- 

atructione.  but  theae  are  neparated^  no  that  they  do  not  run  through- 

the  ssultiplii'-addreue  process^.. -TTie^Bultiprtr-adcireaa  process  la  baaed 

\ vf  ***•■ 

on  the  prevloua  conatructlha  of  standard  de^^ha  for  aach  aubroutlna 

. J r ! ; I . \ 

usad.  Thas#  consist  of  a dack  of  cards  whara  aach  card  ota&da  for 
a airisle-addresa  instructf"!^  is  the  pattern.  ¥he  cards  are  puackeu, 
uaing  the  op^srationa  In  syabolic  fora  (coluans  10-12).  Xf  the  in- 
struction refers  tc  a syebolic  address  that  le  the  aaae  for  all 
rapetitlona  of  the  subroutine,  the  card  la  punched  with  this  address 
CcQiu«i;?>  13-171 . If  tbs  address  la  that  of  ona  of  the  arguaents  In 
the  aultlple-addreas  fora,  the  coluana  are  left  blank.  5ach  card  of 
the  pattern  deck  contains  a set  of  X punches,  deteraing  which  of  the 
nine  addresses  to  substitute  in  the  ayubollc  address  position  (ool- 
uans  24,  30,  36,  42).  See  figure  T.  la  addition,  the  card  carries 


a local  aerial  ouaber  Indicating  ica  pcaitloc  elthln  the  .ubrcutine 
(coluans  48,  54).  The  .first  card  of  the  subroutine  pattern  haa  an  Z in 
coluun  18.  Coluan  aaalgnaenta  are  shovn  In  figure  II. 

The  ateps  in  ^.he  tranalatlon  prooeaa  uo7  follow: 

1.  The  code  .la  punched  Into  a deck  of  cards  nunbered  aerially  in 
declaal  fora.  If  an  inatructlca  is  naaed,  the  naae  Is  punched  In 
coluans  1-5.  k'lther  a alngle-address  Instruction  or  the  naae  of  a 
Bultlple-addresa  instruction  is  punched  in  the  opesatkon  coluans. 

2.  The  instruotion  deck  is  sorted  on  th^,  operation  coluans.  The 


single-address  instr 


r^i^s  a 


s are  set  aside  and  tbe  nuaber  of  oc- 


currencsc  of  each  tHf ?'!>rent''iS'ul>iple-address  instruction  is  noted. 


3.  The  Bultiple-sddreib^lnstructiOQa  arf  . placed  in  the  reproduce 


feed  of  the  519.  A nuaber  of  standard  subroutine  decks  equal  to 
the  nuaber  of  cccurrencea  of  the  aultiple-address  instructions  are 
placed  in  the  punch  feed  in  the  sorted  order.  The  cards  are  then 
punched  using  Board  No.  1.  The  cards  lu  the  punch  feed  are  new 
checked  in  the  reproduce  feed  with  Board  No.  2.  This  deck  is  then 
luapsd  with  the  single-addreas  Instructlone  to  fora  a coaplete  single 


address  instruction  deck. 


yiGi'jit  1 


C’oluain 

Huffl>«ra  K4  30  36  42 


lat 

2nd 

3rd 

4th 

5th 

Gin 

7th 

8th 

Oth 

Blank  or 
flllad 


X 

X 

A 

y 


BJ 


X 

X X 

X 

X 


X 


X 


X 


3G 


ricuiu:  II 


Column  Asslcnawntn 

ZSubrov.tin*  cai’d  aad/or  si&fl-?  *4dr«s«  card 

1-5  Naae  of  Inatructloc 

6-9  Main  code  aerial  no.  (decmal) 

10-19  ajabolic  operation 

13  17  Symbolic  single  address 

18  First  card  X,  subroutine  deck 


35-29 

SC 

31-35 

36 

37-41 

42 

43>47 

48 

49-53 

54 

55-59 

60-64 

65-68 

69-70 

71-73 

74 

75 

76-80 


O ^ U /;, 


' I 


U ••  N 


Substitution  control  X 
Second  sultiple  address 
Substitution  control  X 
Third  sultiple  address 
Substitution  control  X.  . 

Fourth  sultiple  addressr 
Substitution  control  X 
Fifth  sultiple  address 
Subroutine  serisl 
Siicth  sultiple  address 
Subroutine  serisl 
Seyesth  scltiple  address 
Eighth  sultiple  address 

Msohins  location  of  instruction  (three  Msxt-declssl  digits  and 
X for  left-right  indication) 

Operation  in  shchina  code 
Address  in  sachine  code 
Left-right  X for  naaed  insgriiotlons 
Dictionary  x 
ninth  r.ultlpla  adetreaa 
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4.  TA)«  siagl*  Instruotlcn  <tock  l«  ao!.'t#d  on  tjift  4«ciBfil 

mmrtmX  auaber  to  return  It  to  proper  eequenoe. 

9.  The  Instruction  deck  la  eeqoenee  puaahed  froii  e doubl#  hexl- 
decleal  nuabered  deck  with  alternate  X'e  to  Indicate  left  and  right, 
i.  e. , the  deck  la  nuaberod  ae  xcllowe: 


ww 

OOOX 

001 

OOlX 


009 


VWA 


'•  V V 


''.I 


s 


\ 


0^ 

ooix 

t 

etc 

Thle  la  the  asslgaaent  of  aaohine  locations  to  laetructlons. 

0.  The  Instruct  ion  deck  Is  sorted  or.  ooluaa  1 and  all  aaaed  in- 
structions are  pulled  out. 

7.  The  aaaed  instruction  cards  are  reproduce  punched  into  £ 
dictionary  deck,  the  naae  going  into  coluane  IS- 17,  the  hexi-addrees 
going  Into  ooluaua  71-73,  and  the  ie?t-flght  X indicator  into  coiuen  74f. 


aq  X is  punched  in  coluas  73  of  the  carde  in  the  dictionary  deck. 

S3 


8.  A dictlOttKify  d*ck  lat  pr^pmrmA  cont*lnlag  tn«  syabolie 


sf  «&sh  M44r<ii!i!;  vhieh  iw  includ«d  in  the  code,  end  yet  Is 
not  the  address  of  an  instruction.  This  deck  also  contains 
pssudo -addresses,  e.g.,  the  nueber  of  right  and.  left  shifts. 
These  oases  are  punched  in  coluens  13-17  The  sap^ne  location 
corresponding  to  each  nase  is  punched  in  colusns  71-73.  In 
the  case  of  a pseudo-address  the  hezl -equivalent  of  the  desired 
nuaber  is  punched  1^  a'eplgnsent  of  sachlne 


locations  say  be  #on«  lttdi:tlE^itally  *:>t  sequence,  punched  with  the 
hdsl-deck.  Each  caVd  contains  an  X punch  in  colusn  75.  Tusse 

' t.  ■ 

cards  are  luapsd  vlth  the  Zftreji-dsss  step  ? to  fcrs  ths  cosplete 
dictionsry  deck. 

9.  The  dictionary  dock  is  put  in  the  sorter  followed  by  toe 
instruction  dock,  and  the  aasssblags  sorted  on  colusns  13-17. 
Each  instruction  card  will  now  follow  the  dictionary  c.trd  con- 
taining tbs  sysbollc  m.mm  referred  to  by  the  Instruction. 

IG.  This  total  dock  is  sow  saster-card  gang  punched  and  checked, 
Inserting  the  hsxl-decisal  addro^s  fros  the  dictionary  card 
into  the  instruction  cards. 
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11.  The  dictloisary  cards  are  now  reaoved  on  a sort  and  the  deck 


in  sorted  in  with  an  operations  dictlcnary  deck.  In  this  prccsss, 
lofi-rif;ht  rariabls  operations  (such  as  IN,  TC,  etc)  hare  two 
cards,  the  right  reference  instruction  carrying  an  X In  ccluen  74. 
The  operations  deck  Is  put  In  the  sorter,  followed  by  the  In- 
struction deck,  and  sorted  first  on  coluwn  74,  then  on  colusns 
10-12.  The  assesblage  is  now  master  card  jang-punched  on  col- 
uena  69-70,  substituting  ths  sachine  form  of  the  operatioc. 


12.  The  code  is  now  «dapi«t#vit^<l.JiSy  b^^rlnted  for  transfer  to 

'■  V 

■agnetlc  or  punch  tape  input. 


Wiring  diagrass  for  Boards  Nos.  I and  2 are  glrsn  In  figures  111 

»» 

^ j ' 

and  17.  dowsrsr,  wiring  dl&grass  2ot  the.<r4'producer  for  stops  4 and  on 
are  not  included,  since  the  procoeses  are  sisplur  and  the  requisite 
wiring  for  punching  and  checking  Is  straightforward.  Concerning  Board 
No.  1,  the  519  oee  C£.rd  in  the  read  feed  and  tranefers  ail  of  its 

Inforaetion  to  ths  first  card  of  the  subroutine  dock.  This  is  controllsd 
by  an  X punch  in  column  18  of  the  f^rst  card  of  ths  subroutine  dock 
actuating  the  80-coluau  selector.  The  input  to  the  selector  Syptes 
which  governs  the  substitution  of  ■ultii^J.e  addreeaes  into  aiugle  address 


3'i 


posit  loud  is  frotie  the  puuCu  dlFeCt  hub'4  ji  e o t h A t flubs t i v< u t i on  o & n 
ssfS?  in  the  first  curd  ct  the  subroutine,  AlthouKh  the  re»d  ised  is 
held  by  the  second  cerd  in  the  subroutine  deck,  the  rollers  after  the 
first  resdisg:  brushes  still  operate.  This  i^rslts  cosparlsg  ths  re- 
producs  punching  Into  the  first  card  of  th#  subroutine  dock.  Although 
cosparing  1b  suppressed  after  the  first  card  is  through  the  gang  punch 
and  interpreting  brusbos,  back  circuit  exist*  through  the  flux  linkage 
of  the  cosparing  nagnets  via  the  comparing  and  tracecribing  brushes, 
which  are  now  connected  in  parallel  by  the  copper  roller.  This  results 
in  erratic  gang-punching.  To  prerest  this,  the  iiodes  are  inserted  In 
the  circuit  as  shown,  saving  one  pass  through  the  rsp»*oduc.T.r  with  a 
special  board  for  comparing  the  reproduce  punching. 


•■<,08  0 


-,-Ori  ‘ 


4 V-  • • 


s, 


35 


■•ay. 


ISARSC  TKANSLATIO!;  PEOCSSe 


&.  J.  l»a»c  ^ Jl'  « if  ^ 


rh9  followinc  in  s brlaf  description  of  tho  cod*  f-)?  the  KARSC 


to  porforH  the  trnneiiition  frov  eyebolic  to  encaiae  code.  Thin  code 


ie  itecxi  vrittea  to  be  translated  by  the  IBM  sethod. 


Tbo  firs^.:  part  of  the  code  ie  concerned  vith  the  dictionary  con- 


sisting of  the  variables,  cocatants,  and  parameters  used  in  the  sain 


routine.  In  syebollc  fern  these  are  represented  by  five  letters,  nus- 


bers  or  a coabination  of  both.  Bach  letter  or  nanber  is  ca«  of  thirty- 


tvo  possibllitlfl 


litles  and h^irs4irdssntsd.^n  binary 

/ ■ -j  ■ . ■ " f 


avetea  by  five 


. I • • . -..I 


bits,  k oosplets  ||^drsss  ^ j^ora  vilii 


therefore,  occupy 


tranty-five  bits,  -ysrisblse  are  read  in t#  the  snesi**  tn  ?y«belle 


fora  occupy ing  the  last  tw)r«tpa&Lsab«b±fS  of  the  storage  words.  They 


are  preceded  by  a word  cootaiaing  the  total  number  of  variables^  con- 


ntants  and  parasstcrs.  Addressee  are  assigned  to  the  varisbles  in  order. 


beginning  with  the  first.  Now  the  dictionary  wads  have  the  syabolic 


fora  in  the  last  twenty-five  bits  and  the  machine  code  for  address  in 


A<5ft~hand  address  position.  These  words  are  then  transferred  to 


SUait‘mHSSaBie»r  •.«  ; 


to  upproprift*  S pApC^ss  lu  fciss  <3iotlt»C«i /,  ts  uvaci'lLisCi  uvlow. 

in  audition,  a blank  vcrd  is  stored  in  the  last  block  of  ths  dictionary. 
This  wlAl  b«  useful  for  translating  blank  and  no-addrass  Instructlona 
vhioh  call  for  saros  In  ths  addrscc  i>09ltlon. 

In  ordsr  to  shorten  ths  process  of  searching  through  the  dictionary, 


the  variables  are  grouped  in  the  dictionary  in  thirty-two  blocha,  all 
ths  variables  in  ths  aaas  block  having  the  sm-ee  left  hand  lattsr  in 
sysbollc  fore.  The  variables  whose  symbolic  for»  starte  with  GOOOO 


are  stored  at  h 


igheat  '^i^icaary . 


/ X 

Ifheoever  a aekrcb  of  she  diet is  siiMw,  one  needs  only  to 

, aiROHTUA  ; 

deal  with  the  appropriate,  block  of  t lie  diet i<^ry  aa  deteraieed  by 

\ 

the  left-hand  letter  gysbolic  Jawrtt  of  the  variable.  The  ad- 

dreasss  of  the  first  .Ictionary  word  in  each  block  are  stored  In  ths 
thirty-two  locations  bcglnalag  wtth  ^TOU. 

Operations  are  stored  in  the  eachlne  in  the  block  beginning 
with  OPSTK.  Vhm  syebellc  fora  of  the  operation  will  appear  in  the 
last  nineteen  bits  on  the  right.  The  aachlne  code  for  the  variables 
will  appear  in  bits  18-35.  Four  eatra  opcraition  words  which  deal  with 
the  variable  operations  BE,  TC,  and  C7  are  iasertsd  at  ths  u«gin- 
niug  o::  the  list  of  operations.  This  aakce  it  pcseible  for  the 
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aachloe  itself  to  d«t«r«lno  whether  theoo  operatlonw  ehould  refer 
to  the  risht  or  left>a«iad  order  of  the  etorefe  word,  vhes  an  address 
of  the  iBStruotlao  refers  to  ssother  Instruction.  The  operation 
fellovlag  these  first  four  will  contain  1MB,  IML,  BIB,  BIL^  oto,  A 
negative  ecrd  is  stored  in  the  location  iMiediateljr  folloving  these 
operations.  ThAs  will  indicate  when  an  operation  appears  ehlcL  does  not 
correspond  to  any  which  nrs  listed  in  the  aachins. 

To  shorten  the  nuaber  of  words  tliat  have  to  be  read  into  the  anchine 
each  tlae,  n aeries  of  instructions;  which  appear  aore  than  once  in  the 
anln  routine  is  deaignnted  as  a pattern  subroutine  and  n naae  is  ns- 
sifaed  to  each.  The  inatructioaa  oeaprleing  n pattern  subroutine  are 
stored  in  the  anchine  in  syahelic  fora.  The  laatructiona  for  each  sub- 
routine are  preceded  by^g  Wr  cfJ^rvWssss.  The  firat  preword  oontnina 
►-1  of Vein  ting 


the  total  auaher 


S,  total  auaher  of"  addreaaea  to  be  ii^s^i^ei  subroutine  ia  bits  9 through 


iutine  in  bits  1 through 


13,  nuaber  of  Breaardu  in  bits"'Id  tBTbKgh  IS,  % 


iber  oz  naaea  Isstrue* 


tioaa  in  subroutine  bits  17  through  19,  the  syaholio  naae  of  aub- 
routlae  ia  blta  SO  thywhtli.,^4.  ^^a  jrjaalalBg  prewords  oontaia  auo- 
cv/ssive  dlfferenoea  between  the  addreaaea  of  the  inatructioaa  whera  the 
variahlea  to  be  used  in  the  auhroutine  have  to  be  inserted.  Bach  dif- 
ference occupies  five  bite,  so  that  sach  prsword,  sioepting  ths  first, 
contains  eight  differences.  A word  oontninlag  n nsgativs  auaher  is  rend 
in  after  all  th*  subroutine  words.  This  asgative  word  will  indisnto 
when  the  naae  of  a subroutine  appears  la  SAMK  for  which  no  aet  of  aub- 
rcutiae  worda  waa  put  into  the  anchine  in  the  block  begisniag  with  BCPB. 

Instructions  in  the  aain  routine  are  rend  in  order  into  SAME,  one 
at  a tiae.  Ordinary  laatructiona  (l.e.,  nil  inatructiona  except  those 
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s^ggE='J-^r  fegaKmiHUg>t«a»<ga^<»-  iV*™*  j«s  jawa 


callioe  for  a ahiff  or  a block  trainisfer  operation)  are  raad  la  with 
addrwsa  occupying  l^sv  twwnty-llww  bita  of  word  on  the  right  and  spsr- 
atloa  ia  aynbolle  fora  on  thc<  loft.  An  instruction  which  rwfars  to 
so  sd»r-#iia  will  bw  rwad  in  vith  sores  in  tho  last  twonty-flro  bits. 

Ac  instruction  which  c&llw  for  a ahizi  in  road  in  as  a nogatlvo  t»ord. 
Tho  pooitivo  fora  of  tho  word  will  contain  tho  oporatioR  Is  sysbolie 
forw  in  bita  B through  19  and  tho  suabor  of  bits  to  bo  shiftsd  in  tho 
right  addrooo  position.  Tho  first  four  bita  nro  zoro.  As  inatruction 


which  calls  I'or  a block  tranafsr  asst  occupy  two  storage  words  in 

sysBollo  fom.  Tho  word  which  nogntlsoly  will 

>•  ' - I-  ■ T|  I f- 

contain  tho  ajmboliCi  forn  of^''^B«  ar^wMa'^ox  t 


\ 


irdh  sariablo  to  bo 


transforrod  in  last 


twobhw-l 


d 


firs  bits  ainl’  bLoek  traaofor  oporatioa 


on  tho  loft.  Tho  fxr^^t  bit  vill  contain  a 1 to  diatiaguieb  it  fro« 
any  othor  nogatiwo  inotruotion.  Tho  oooond  word  will  ooataia  tho 
oynbolic  fora  of  tho  addreaa  of  atoroga  location  to  which  tho  first 
▼ariablo  in  to  bo  transforrod  in  tho  last  twostT>firo  bita  and  tho 
euBibar  of  wnriahlos  to  bo  transforrod  in  binary  form  in  bits  12 


through  lo^ 
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When  a pattc-rri  subroutine  occurs  in  the  code  a ncrles  of  words 


sre  road  Into  EANK.  Ths  first  word  contsins  t m nsce  cf  the  sub- 
rc«tlss  oa  the  right  in  the  last  tweaty-.f feits  and  r.  ««;d>iroiitin» 
Indicsior  on  the  left.  This  word  is  followed  by  a series  of  words 
containing  sysbollc  fora  of  variables  that  Lav^  to  be  inserted  into 
instructions . 

If  the  word  in  BANK  is  positive,  it  Is  tested  first  to  see 
if  it  is  the  word  of  s niiaed  Instruction.  If  It  is  s nsaed  instruction, 
it  is  tasted  tc  deteralne  to  which  oi  .^rv^iy-  two  biocics  of  the 
dictionary  (origiaslly  containing  v&irilibles  oniy)  it  belongs.  All 
the  blocks  occupfdsf  lover  storage  iocati^B  srs  aovsd  up  on#  to  sake 
rooB  for  the  nased  instruction . T<  oase  Indicatcr  cf  the  word  in 
BAMK  is  replaced  by  the  address  of  the  persanskt  storags  location  as** 
signed  to  this  instruction.  The  word  in  BANK  !■  tbsn  trsnsfsrrod 
to  the  appropriate  place  in  the  dictionary.  It  now  oooupiss  the 
first  storage  loestlou  of  the  block  of  variables.  The  appropriate 
addressee  contained  in  STOKE  are  decreased  to  correspond  tc  the  new 
storage  locations  for  the  variables  resulting  frois  tlie  block  transfer. 


Znstri  ctlons  in  HOLD  sr<)  checked  to  see  If  the  address  in  any  of  these 


42 


inatructions  correapontfa  to  the  addresw  dl-^thia  named  instruction. 
Erery  instruction  in  HOLD  must  be  chsckisd.  If  there  arc  any  vhose 
address  does  correspond,  these  instructions  are  translated  into 
machine  code  and  put  in  the  appropriate  storage  locations.  Then  tho 
instruction  in  BAin;2  follovlng  the  nased  instruction  word  is  trans- 
lated . 


If  the  word  in  BANK  is  not  a nased  instruction,  thss  it  is  tested 


to  see  if  it  is  the  nase  of  a pattemt  subroutine,  Tf  it  is  the  naos 
of  a pattern  subroyClhW,  then  the  varia'olu^.  iMp  be  used  la  the  sub- 
mtine  are  put  into  the  a]^r6|rrj[|[tie'4.nstructl^  words  of  tbs  sub- 


reatc.\;s.  Then  all  tflo^  iustruotiona  in.  ih^.«ubroutine  ere  trans- 


ferred to  BAna  and  each  one  is  translated  as  aa  instrcetion. 

If  the  instruction  in  3AHK  does  not  luvolrs  block  transfer  eper 
stion  or  a shift  operation,  it  is  an  ordinary  instruction  with  sysbolic 
address  in  the  Inst  twenty- fire  bits  on  the  right  and  sywbollc  operation 
on  the  left.  A search  of  the  dictionary  ia  asde  to  find  the  address 
of  tb«  variable  corresponding  tc  the  syabolic  address  contained  in 
the  Instruction.  If  nc  word  can  be  found  Id  the  dictionary  which  cor 
responds  to  this  address,  then  the  addrene  i;j  thut  of  ? saaed  in 
•tructlon  which  has  net  ydt  been  brought  int.?  the  dietioaary.  The 


4S 


operation  is  transliited  and  thes  stored  together  with  the  syisboltc 
iora  ot  the  addrees  ia  HCXJ)  until  a ;r>a«  word  is  addad  to  th«  diction- 
ary« If  the  word  is  in  tha  dictionary,  than  tfcs  addr« ol  tha  par- 
sanast  storage  location  Is  takan  out  and  pi:!it  a tasporary  storage 
location.  A slallar  prccadura  is  fcllcwed  for  ths  operation.  A 
aanrch  is  aade  of  the  list  of  operations.  If  no  operation  can  be  found 
which  corresponds  to  the  operation  in  the  instruction,  the  ^aebiae 
will  indicate  an  error.  If  It  is  found,  the  sachine  code  for  the  ops^ 


atiOB  is  added  to  the  wcrd^c 


rd-  cpt;t^ijjiag^  ^hlB^« 


code  for  tha  address. 


Ws  now  have  the  instxiuetion  in  the  desiked  c^ec^ors,  occupying  the 
right-hand  order  of  the  storage  word.  If  this  li^  the  first  instruction 
that  has  been  translated,  'oji^JLf  it  is  an  ;«bered  instruction, 

than  the  instruction  is  shifted  to  the  left-hand  ordar  and  stored 
ia  FOlufi.  If  it  is  as  eve9>-nuubarod  instruction,  it  is  addsd  to  ths 
word  in  FOKM,  giving  a word  with  an  i’tstruction  in  both  the  left-hand 
and  the  right-band  order  of  the  word.  The  word  is  then  transferred  to 
the  approprlat'^  storage  location.  If  the  word  in  BANK  is  stored  ne- 
gatively, it  involves  either  a shift  or  a block  transfer  operation. 


If  it  icvolv^s  a shift  operation,  the  nusber  of  bits  to  be  shi^Tted 


r 


Is  stored  in  right  sddreas  position  of  a te>«porary  location  ^ The  oysr 
ation  is  translated  Slh  that  of  an  ordinary  instructlcn  and  the  ic- 


stractloo  la  stored  ia  the  appropriate  location. 


'1  the  word  in  BAKK  ie  negative  and  inwolves  a block  transfer 
instruction t it  siust  be  detsralsed  whether  the  prwwioue  inetructlon 
that  was  translated  occuplsd  the  right  or  left-hand  order  of  etorage 
word.  If  it  was  a left-hand  iastroctlon,  zeros  nust  be  inserted  in 


the  right-hand  order  of  word,  ff tb0  block  transfer  instruction  ItfTielf 
Hust  occupy  an  entire  The  first  wo^titU* will  be  translated 

/ ‘‘  ^ y 

as  an  ordinary  instruction  adit'^ 'iWV  tenpovUry  storage  location. 


... 

Only  the  address  of  thV  second  word  is  transl«4ed  since  the  rest  of 


Instruction  is  sot  up  and  stored  in  appropriate  storage  location. 


BANS 

LVAl 

SAIIKI 

8T0RS, 

STvhL 
RA  39 
TALI 
DICTL 

DICLI 

I 

Ti; 

TOTAL 

AvICT 


SUM 

2Id44 

ASSGlf 

Ta 

T5 


addr««0  o(  ec»«x%l  I’rsa  of  etor%S«  l9catlOE». 

CoD^aioa  Addraaa  of  Iftot  atorato  Xocatioa  for  vartablas 
pi  via  ona  In  tha  imxt  adore  .Vox . 

Addraae  s£  BAHK  plus  1 

8T031  Addr^^se  of  thlrty-Kao  atorapa  looatlona  uaad  in  routlaa. 

Oltlaataly  th«aa  contain  addraaa  in  dicticnar?  cf  first 
▼arisbla  in  cash  alnhasttssrical  ss^up* 

Cootaina  aduraaa  3TCRS. 


Thirty- tvo  in  right  addraaa  poaltion 
Ganaral  pu7.*poaa . taMp 

Tna  nast-to~laat.  raanaat  aat  of  atorags 

locations  to  bs  aaaignad  tp^  tk^AliAi^lonary 

Tba  laat  addraa»4)r^  'tTbiiTj^tarp^nant  aat  of  etoraga  Iccatlona 


to  ba  c.a 
Address  of 


to  tba  dietlosary  / 
aspoi'ary  9t9r^p<'^ooatioa 


Contaloo  tha  aagatira  of  tba  nasbar  of  rariabloa  la 
dictionary 

Addroaa  of  atorsga  location  a»«d  to  i=4ldata  that 
dlotloaary  has  not  baaa  adt?»d  ap  prario'itaiy  vben  it 
contains  a asm.  to  Indfoste  that  dictionary  haa  baan 
ad<*4d  up  prariouBly  vbaa  it  ooataiaa  a nagatlva  qv^ntit^y 
Coataina  dictionary  sua 


Ccstains  tha  binary  OMUivalant  of  3 


--/V 


Containa  auccanoiraly  addraaa  to  ba  aaaiaaad  to  aceb 


varsabii.  in  dictionary 

Addraaa  oi  a tnaporary  storaga  looatios 
Addraao  of  a taaiporary  locatida 
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1.  All  th*  'r*ria»l«fi,  ooastAota,  and  paraoctars  in  tha  aain 

rotsttaa  asm  raad  Inte  saohj.»a  in  loaaac  addraata  f irat . Tnaaa  vnr- 
iablaa  ara  in  ralatira  fosfa  aad  oceupy  tha  l«at  t«ant?>fiaa  blta 
of  the  atoraga  vorda  baginniag  with  BARSl.  Tbay  are  praoadad  by 
a wox'd  in  BARK  cn'iStaiainf  the  totfsl  aesbar  of  rariablaa,  coaatanta, 
and  paraaatara  looatad  in  tha  laft-addraaa  poaition. 

ASSCR  ia  aat  up  vith  tha  addraaa  in  tha  aachlae  fora  to  ba 
anaigaad  to  the  firat  variable. 

The  nagativa  of  the  total  uonbar  of  variablas,  ate.,  ia  put 
in  TOTAL. 


T1  and  TAL:  £ra  aac  up.  T1  oontaina  awocaaaivaly  tha  partial 
auaa  obtaiaed  after  adding  each  variable  in  the  dictionary.  TALI 
coetaiaa  the  negative  of  the  nuaber  of  variablee  yet  te  bo  added 


to  tha  aoB.  Rhea  TALI 
added. 

t.  The  aaat  variable 
partial  mm  ir  aterad 


t¥iW 


sriablea  have  bean 


added  to  tbo  pa^^ll  oob  la 


T1  aad  the  aov 

6* «.  aaOHTUA  ; 

\ / 

?aL*  is  iserseeed  modified  word  ia  TAL^<^appear&  ia  A. 


S.  IS  TALI  is  aero  al] 
tgasafarred  to  blo«k  9. 


ims  added.  Control  ia 


d.  If  TALI  ia  a«9at|we„  the  i»st=i£^tlleao  in  S am  adittated  a>>d 
control  is  tranaferrod  to  t to  repeat  the  prooeoa  aatil  a?.l  tho  oorda 


Va%o»al  4 w\ 


A W0^mm  m ^ 


Rote;  Abler  la  used  to  indicate  e'hetber  or  not  tho  diotioaary 
van  added  up.  A aafstive  autibnr  in  AblCT  iadioates  that  the  dletiosary 
has  boen  auaettd  up  previonaly;  a aon-aogative  auu.ba3r  iadioates  that 
it  haa  not  baea  suwaed. 

6.  If  ADICT  la  aoB-seK-tire,  ce-stra'  trereferivd  to  12  where 
ADlCT  le  chssged  tc  a rageti.s  QUBbA$. 


7.  Thv  saa  obtainad  frcs  ftddir.s  the  dietlcsery  is 

■ufct.rsetstf  froB  SUM. 

Th*  iirct  tvBlTe  bits  cf  tb#  ar*  aliaiaatad  by  - left  eed 


right  shift- 

Wyrii  Ths  first  tlBs  dietloAsrj  is  SQa««  up,  ths  uordn  conteln 
only  ths  s/sibolio  forns  of  varlsblss.  After  this  ths 
diotlosarr  vords  contain  i\?sg  the  Bschlne  cods  In  Isft- 
addrsss  position.  Ws  vant  only  to  oonpars  ths  subs  of 
the  sariablss  In  "jpliitlit 

8.  If  ths  dlffsrsncs  bstyd^s^ ^cr*sbih4/lj8(-^^d4^nsKatiss , control 
Is  trasBfsrrsd  to  10  to  If  ths  diffsrsncs 

9.  If  ths  dlffsrsisce  bstwssn  th<f  ci^  /^^sgatli^,  then  ths  two 

SUBS  obtaissd  by  addl:»  dl^^^onary  at  diffsrsnt  tiB(^  ^r^jikot  sgual, 
so  control  is  transtsrrsd  to  1l9lt|C  to  Indloats  ap'ssror  In  ths  BSBory 

10.  if  the  diffsrsncs  Is  not  nsfatlrs.  It  Bust  bs  dstsmlnsd  whether 
or  not  It  is  ssro.  Ths  s«»llsst  possibis  quantity  is  Bubtractsd  froB 
tbs  diffsrsncs. 

11.  If  ths  rssnlt  Is  not  nsgatirs,  thss  th^iffsrsnos  was  greatsr 
thss  ssro  and  control  le  traesfsrrsd  to  AdDlC  id  ladloats  as  error 


if*  thvs  BOBory. 

13.  It  result  is  negatire,  the  diffsrenes  between  tbs  two  subs  Is 
ssro.  Control  is  transferred  to  STA5T. 

13.  After  the  dictionary  la  suBaed  the  first  lias  m Bs«*tiws  word 
Is  transfsrred  to  ADICT  and  ths  sub  is  stored  In  SUM. 

Id.  Adilren^  is  S3oiis«d  to  first  wsriable  In  BAVZl,  nnc  Is  stored 
In  the  left -address  position  of  word  in  BAWKl.  Froa  the  left-hand 
latter  of  syaholic  for*  of  the  word  In  BANKl,  it  Is  detern.  aed 


OX. 


7hlch  of  f'l-'  t!i±rty-two  words  bsgioniog  with  5T0?s  should  bs  is- 

crsssod. 

Ths  addrsss  lia  ASSOff  is  Inors&ssd.  Tho  last  sddrsss  to  bs 
aBsisssd  to  csrlsblss  is  subtraotsd  frow  lt< 

15.  If  tbs  diffsirsoce  Is  posltlws  tiisn  sll  ths  rsrlsblss  in  BAVK 
h&TS  bssn  iss3s  o.rw  oi  snd  oontrol  Is  tTsnsfsrrwd  to  BQST  (20) . 

16.  If  diffsrsBcs  is  Bsestlws,  tns^  aiors  wsrlablsr  bswe  to  b*  dsalt 
with.  Ths  instmetlons  is  17  are  sdjustsd  to  rspsst  procssa  and 
control  Is  transfsrrsd  to  17. 

IKyiEi  At  this  point  ill  wsffds  hditin  Inir  with  BAinri  bars 


sysbolie  fora. 


sHiArAA^/?tt^tf-flw«>  bits  £Sd 
sachlns  eodf  in  Isft-addrsfs  addition  ths 

nuisbmr  of  wa|'iablss  thir^V-two  possible 

left-hand  let^^rs  is  stored  in  the  lef^hand  address 
positions  of  the^ll^ty-two  words ^^jr'Slech  of  storage 
locations  fros  STOSS  to  STCS  i.  The  nnahar  in  S^iS 
is  the  nusber  of  wariablee  which  haws  9CC0C  as  left  hand 


letter . 


1? . insAraoticas  are  eat  np  for  replaclag  the  nsabers  ia  the  set  of 
words  bsfinaing  with  ■tX)55  br  the  addrsss  In  ths  dlotiosarf  of  the 
last  word  bsf inning  with  ths  correspoadlog  Isft-hsad  Isttsr. 

The  negstiwe  of  33  is  put  in  TALI. 

Ths  sddrsss  of  ths  last  storage  location  to  bs  aasigasd  to  the 
diotlonarg  is  put  in  T4. 

Sero  ia  pat  in  T3 

18.  Tt  contains  the  1ft «t  storage  loceiion  assigned  to  the  pre- 
▼Aoas  blcAck  of  Yarlables. 

The  nusber  of  Tariables  in  the  prericus  block  is  put  In  Tl. 


83 


Tl  is  subtracts^  ^4  sivias  tbs  last  Btoras*  locatioa  for 

th«  bloob  of  varlftblss.  Tais  is  stor»4  is  tbo  approprlato  looai^loa 
bogiaaias  vlth  BTORX.  (TIm  first  tliMi  tbo  n^obiar  £o*t<  throagb 
tbsBs  iastruoticas  DiCfib,  tfes  last  atoraga  looatiea  for  tba  Rlotloa- 
arp  la  put  ia  ST032  aad  la  T4.  Tha  aaxt  tiao  tXa  auabar  of  varlablaa 
iMirlag  00000  aa  laftoaaaR  lattar  la  aubtractatf  fres  SiCTL  to  glra 
last  ealdjraea  of  rsrlsblea  bavlaa  OOOOl  isft-hssd  letter.  TLis 
a^droBB  ia  atorcd  la  STOl^l.) 

TALI  la  laoraaaad. 

.*  w“* ‘ ' ' ' 

19,  If  TALI  is  0 bOTgg  *141  S309S  hava  bsaa  ranlaosd  bp  tbs 

^ . 'w« 

approprlata  addrafpaa/ act  coatrol  igj  ttraabi'arrad  to  TfiAH. 

sO.  ■sstrttotioaa^'la  31  ate  aiddubf^  ao  raaaai  tbs  prooeaa  and  ooairol 

ia  traaalsrred  to  ttl; 

N.  . ... 

MVXt  At  tbla  pd&gt  tha  atoraga  Ipagtloaa  frou  STORM  to  MTOSl 
coatala  tba  last  ad^aaa  abara  tlM»  blosM  of  rarisblas 
harlag  s oorraspoadlag  laft-baad  lattar  will  ba  atorsd, 

31.  Tha  aagmtl'ra  of  the  auabar  of  rariablas  la  tba  diotiaaarir  ia  put 
la  TALI. 

33.  Trom  laft-haad  lattar  of  rariabla  la  BARCl  it  la  dataralaad  to 
ahloli  blaoh  of  rar:.ablas  It  baloaga.  Tba  rarlabla  la  atorad  la  tba 
iaat  locatioa  alloiiad  to  that  aat  of  rarlablaa.  Tba  Tpord  la  STORM 
la  kdsoraatBod  by  aao  so  tliat  ssHt  seriable  bsrlag  laft-haari 

latt«»f>  »ill  atorsd  ia  loaar  atoragt'  '^^stioa  o'  that 

bxook. 

TALI  is  laoraaaad. 

33.  If  TALI  la  act  sagatlva,  than  all  tba  varlablaa  bars  baaa  traaa- 
farrad  to  tbs  approsrAsto  plscan  ia  tb^  4ictloBS!>°;,  sc  control  is 
traaaforrad  to  /;A(SS>. 

S3 


24.  If  TALI  la  nagmrtve^  all  vsrlsbies  L«v»  not  Sicu  triiuBfcrred. 

InvtTactloaa  in  25  nr«  mijuataci  to  s^eps.t  procaes,  is 

tran«f«rrad  to  25. 

25*  Tranafar  Instfutitlon  which  cQcurs  latsr  an  la  a«t  up. 
pnttarn  auhroutinaa  asra  raad  into  tea  aaohina.  Oparatlon  words  are 
raad  into  tha  sschlaa. 

Tha  location  to  ha  aaalgnad  to  the  flrat  Instruction  la  put  In 

HUMB. 

The  address  of  the  location  where  first  coded  instruction  word 
is  to  be  stored  in  put  in  the  addrasa  poaltlon  of  PLACS. 

59ICB  la  sat  up  with  A^^'^tij|rry0ibtr. '' la  usad  to 

indicate  whether  inatruc/|ion>  is  to  be  In  the 'n/t  H)r  right  -hand  order 

"I’AO  V \ 

oi  control  word.  ■ • r,  i 

25.  First  word  or  sat  oY  words  regarding  Inatruoilcs^s)  &ra  read 

into  BANK.  X 

Address  of  ie  put  in 

OPIMO,  3TIND,  TALIS,  are  set  up. 

37.  Put  the  Word  in  BAKa  in  A. 

38.  If  it  is  a poaltlra  word^  crmtrol  lu  red  to  33. 

29.  If  it  la  a negatlra  word,  control  iu  traseferrad  to  MtOlM  which 
daals  with  nagatlre  Instruotlou  words. 

cO.  if  it  la  a positive  word,  it  la  tasted  first  to  sea  if  it  is 
a naced  inatruction  word  b?  subtracting  the  nussbsr  ussa  to  indicate 
a oaaad  instruction  word  from  apprepriata  part  oi  tbs  word  in  BAHK. 

31.  If  raault  is  not  nagatire.  It  wust  be  datarBlned  whathar  It  is 
saro  or  greater  than  zero,  so  control  is  trans^srrjd  to  CT2 

32.  If  raault  ic  negative,  it  is  not  a nawad  iuatruction  ass  control 
is  transfarrad  to  OPER. 

33.  Ssalleift  poasibla  quantity  is  subtracted  froa  the  dliferanca, 
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34.  If  rowult  1b  not  n«£atlv«,  tbs  Tcrd  la  BANK  is  r-ci;  « u««tt»d  in- 
Btruction.  Control,  la  tr;acsferrad  to  OPBK. 

36.  If  ri!«ult  1*1  nasstivs.  «•&«  in  BAMiC  in  a caaad  Inatructlon 

with  ayabolic  fora  of  th*  naao  of  ths  inntru.' tics  is  tbs  l&st  tvauty 
firs  bita. 


It  is  dstsralnad  from  tbs  iaft-band  lot tar  of  tha  nawo  of  tha 
rarlabla  into  vblch  block  nf  tha  dictionary  it  should  ba  iuaartad. 
This  scrd  sill  ba  inaartsd  at  bcjcinninx  of  tha  block. 

All  variablaa  in  lowar  atoraira  locationa  »ra  tranafarrad  to 

ona  lower  atvraga  location  jt<-  tbia  word  in  tha  diction- 

^ i li'i  w.#  t.;  ij 

ary.  ^ • - ./ 

TALI  is  up  with  tha  Quiiber  cf  addfasaaa  In  STOSS  which  hate 


to  b«i  cbangad  as  a raaiilt  of  tbla' ar» 

3^.  Tha  first  word  in  9f|0as  to  ba  ohangad  la  dadraasad  by  ona,  TALI 
is  incraasad  ona. 

37,  If  TALI  la  not  aegatiya,  all  the  appropriata  addrassas  hara  baaa 
CwSugad  So  control  i«  traasfarrad  to  LAST. 

3S.  Adjustaants  ara  aada  In  tba  instruct ions  in  39  to  rapaat  tha  procaas 
and  control  la  transfarrad  to  39. 

39.  The  addraas  to  ba  assigned  to  tha  instruction  km  put  in  tha 
lefi-eddraaa  poBXtlnn  ox  tha  word  ic  SANK. 

SVICH  18  put  in  A- 


40.  If  ?WICM  contsics  a sc-^egstire  susbsr,  tbs  instruction  la  a 


right-ordar  ona,  so  control  is  tranafarrad  tt;.  TAD  (4S) 

41.  If  3WICE  oontalna  a nagativa  nunbar,  tho  inatruotion  is  a laft- 
ordar  ona.  Thorafora  iha  nagatiwe  of  thv  word  ia  atorad  in  the 
dictionary.  Tha  negativs  cf  tha  word  In  BA!9K  Is  out  in  A. 

43.  Tha  word  Id  BANK  is  put  in  the  A register. 
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i 


triinsf crrsd  to  5ippi=;;p;r ;.»■;.>  pAa^;e  «.ixci lonary , 


A ^ rs  »•  ri  f r»  A i I 

WORK  iff  iocr«aM«d. 

Tihiff  dictioa»ry  aue  and  tba  total  nuabar  of  words  in  the  diotlonary 
LVr«  changad  to  taka  account  of  ths  aew  word  that  has  Juat  bean  iuaorted. 
44c  Now  tbs  Instr-^otiona  In  HOLD  auat  be  checked  to  aa«  if  tus  aysbollc 
addreaa  Juat  Inserted  in  the  dictionary  has  been  uaed  in  prevloua  in- 
atructicics. 

T1  is  sat  up  with  tue  ayabolic  fora  of  the  address  Just  inserted 
into  the  dictionary. 

TSMP  is  set  tf!  with  the  nachine  fora  of  the  address. 

TALI  is  set  to  zero.  


u'"’^  . O j ? . 

LpproprAate  A4drmn^^xa  -AGsdf ifsd  Iff^Tasji^  '■  , 


V 


The  nuitber  of  loatruotioas  in  BOLP  >f^DVishtad  frox  TALI. 


46. 

46.  If  the  result  is  pot  uesstlre' thhre  are  so  aore  inatructiona 
in  HOLD  to  shack,  ao  Goh|;rol  is  trsesfarred  to  OiHis. 

47.  If  the  result  is  nsgaTlv#^  ths  nsst  word  in  MOLD  is  put  in  A 
register. 


44.  If  the  instruct iou  word  in  BOLD  is  storsd  posit Iwely,  control 
is  transferred  to  53. 

49.  if  ths  word  in  HOLD  is  negatlws,  ths  Instruction  InToires  ons 
of  the  variable  operstiora.  Ths  word  is  storsd  in  T2,  A nsgative  word 
is  put  in  LRDBP  to  indlcats  that  eperatien  suat  be  adjusted  if  address 
appears  in  ths  right-hand  ordsT  of  ths  storage  word. 

The  negative  of  TS  la  put  in  A. 

Control  ic  trenszerrad  to  53. 

i 

30.  If  iustructloa  word  ic  BOLD  is  stored  £>«jsitlvslv.  than  a noa- 

i 

OiiJaTative  word  is  put  ii.  LRDEP. 

5i.  Operation  in  naebia*  forr  cl  thv  oddresa,  in  i yabolic  forts  cl  the 
word  in  HOLD,  is  separated.  Operation  la  stored  in  ^’2.  The  ayabolic 

ferw  of  tiis  addr-sse  of  nns^d  ia-truction  which  was  Just  lnecrt«-J  in 

k' 

{ 


the  diet  loner  jr  is  eubtr^^cted  froGs  avisl^ollc  fore  of  the  eddreas  of 
this  iDatrvtotion  in  liOLD. 

3f.  if  raauit  ia  nett  n«i;«iiva,  ooatroi  la  tranafarrad  to  fta,  to 
datareiae  abatbar  raauit  is  l.sdaad  aaro. 

53.  13  tmm  alfferascs  wvtvaao  tba  two  nddraeaes  ia  not  aaro,  adjust” 
aaata  ara  aata  in  apprepriats  Isetructtoaa  and  coatrol  ia  traes- 
farrad  to,  ilt  to  rapaat  tba  prcoaaa  vitb  tba  cast  issstruction  in 
iiOU). 

54.  SU  ZM44 

*w.  It  result  ia  still  noc-uasativa,  control  is  transfarrad  to  35. 

55.  If  tba  addrwiiaaa  do  corroapond,  tba  aacblRS  ooda  of  the  addrasa 
trbiob  baa  baan  atorad  in  TKifP  in  added  to  tba  aaebina  fora  of  operation 
«rblob  baa  naan  atorad  in  T2.  Tba  raauit  is  Btorad  in  t2.  Tba  nuabar 
Is  li^OEP  ia  put  in  A. 


37.  if  auabar  is  ‘.tb^^  tJba  eijMratipB  ia  not  a variabla 


ona.  Control  is  tlT^s^arred  to  55. 


^4, 


v«5a  ''*4 

/ ; A'  Cj  ' \ 

53.  If  tba  nuadvet  ia  nafiMlV^  j^a  opara^ioa  ia  a variablt 


oaa  aad  it  auat  ba\;^.tainpiaad  vbatbar  tba  ad^ 


tba 


riS^t  sr  laft  band  o^^dfr  of  a atcraga  fror#<' 

Tbarafore  taa  word  in^iBsiSb^iry  oorrsspoaai^  io  tbs  asdrsss 
of  tbia  Isstruotioc  is  put  is  tba  a ragiatar. 

If  tao  aord  is  stsrsd  nsaltiraly  tbas  iba  addresa^a  of  an  in*- 
struotloa  sbich  is  £t.~rsd  is  tba  laft^baad  ordar  of  tbs  atorea# 
aord.  '.iotbine  ssad  bs  doss  to  altsr  oparation.  Control  la  tr^ea- 
far rad  to  8TOR. 

50.  If  the  eorn  aiored  napatiraly.  tkan  the  eddraaa  ia  af  an 

i (^etru%:4iwu  whlcb  is  stersd  1=  tbs  hand  t-.rder  of  the  atora.re 

The  aai'bine  code  of  cj?ersstion  Is  liiicresced  by  one  and  istorsd 


4kSe  ft  ^ < 


f»7 


61.  T/itCi  is  addisd  to  addresB  in  hADDF  to  deterasias  wh®re  th*  in- 
struction in  to  b«  iitornd. 

Tho  word  coutaiaiag  tbe  addi’waa  of  ctoragw  location  whwr*  tha 
ruction  i«  to  bo  stcrod  is  put  in  ths  A rsfrlatsr. 

Tbs  word  In  A Is  stiiftsd  rortf-tbrsc  pli^oss  to  tbs  Isft  so  th«t 
only  tbs  last  bit  appsars  In  tbs  A rsgistsr. 


SKI  is  aubtr&otsd  frosi  tbs  nu:ess;r  appear  lug  in  A. 

I4  ths  rrault  is  ««t  naffstlvo-  there  ess  s ons  in  th 


bit 


indicating  that  instruction  ia  to  b«  stored  in  tho  left-hand  order 
of  tbs  control  word. 

Control  is  transferred  tn  oy«a/n?\ 

33.  li  result  is  ns»at>^  ii^^i  i,it  indicatis^ 

that  instruction  gosi^  in  right  band  prdsj^  ^^^Si^storags  word. 

Tbe  instruction  la  ?2  id /t/»j  already  appears  injtha 
storage  location  and  iK  sterdd  there.  /' 

Control  is  transfsrrmi^to  irCS  ,>" 

34.  Instruction  in  T3  in  shifted  Vo^'lsft  band  order  of  word  and  is 
stored  in  TS. 

Control  is  transferred  to 
63.  Blocs  transfer  instructions  are  set  up. 
dlLD  is  decreased. 

55.  The  apprspriats  wc-’d  in  SANS  is  teejsd  to  ess  ix  it  la  the  naa« 
of  a pattern  subroutine  by  subtracting  tbs  nusbsr  used  to  indicate 
a subroutine  fros  appropriate  part  of  tbs  word. 

67.  err  SUB2 

vS.  Ix  result  is  negative,  tbe  word  ia  net  a pattern  eubreut ins, so 
COctfoJ  is  tranurarvad  to  TflATK, 
go.  grj  2^4^ 

70.  CY  TfitATS 


88 


r -:'.>^^i^A>«5t«'wiS*M'<« 


Mn^  .'iHvIfa ■a&'i jfc>^ 


I 

3 

I 

I 

i 

i 

7)  , The  Rppifopri»t«  InBtr-wCtloss  b«in«  are  set  up  to  =»«  which  of  thw 
pi^tt«To  »txbrcv»tin«ai  in  SUbr  corresponds  to  th«  onw  la  ^k£. 

72.  Ifirsi  word  of  pAttcrn  subrcutin;*  is  put  in  A rw^intor. 

73.  |i  ,»or'i  la  not  noptflr®,  control  Is  trsssforrsd  to  CTIO  <?S)  to 

vtwtaer  . 1:'  <mhrn«jties  ccrrespcndn  to  !:sb«  of  thw  on#  in 

J^4K. 

74.  if  thu  .‘ord  Is  n«*ative,  thsrd  is  no  subroutine  in  8U3R  which 

I 

cc’j’esrcr^^iS  to  th«  one  in  BAsiK.  Ccnrrol  is  trsnafsrrsd  to  SERS5 
to  indlcntw  sa  error  in  s pattern  subroutine. 

75.  The  different  bite  of  ;t^ij?S^T0S~'WCli!  seperstod  froi^he  first 

” ^ *-j  ijf  fjf  '*'*v 

ne  end  ’^'v 

TBHi*,  the  ncn^s  cf  thi?  subroutiset  in  f9ARV^]flt\ubtBncted  froa  th-s 
ncae  Of  t&n  subroutine  in  QUBR.  ' \ 

V6.  CT  Clli 

77.  1/)CAT  is  adjusted  ec  .vruces:?  "repestsd  with  the  next 

pattern  subroutine 


prsvord  .if  the  pa c tern  dul>^oi^i 


78 . SU  3«-f ^ 
78.  C;  Criii 


80,  rhet)  ?ir  * iwibroiitlne  is  SUSS  is  found  TALXi!  is  set  to  sero. 

The  of  sdieusaos  to  be  inserted  in  eubroutiae  ie  stored  in  TS. 

Tiii.  bbock  titasiei'  instruction  which  transfers  icstnaoticns  In  subroutJns 
is  stored  ia  t3.  The  block  traasier  instruction  which  transfers  in- 
(S!truui:>.oci8  ir,  subroutine  to  BAMI  is  set  up.  TALI  is  set  up  with  negativo 
cf  th«>  uuabcr  of  ^ddr^sses  to  be  inssrtsd  in  subroutice  is  rlgat-addi'ess 
posltiua.  TALIS  Is  set  -jp  ^Itb  the  ne|?*<riTe  of  the  nuaber  of  wcsla 
in  Bubroutiau  referring  to  ordinary  instructions, 
hi.  7AL12  is  increased. 


fs-r  je*..gJRW  HMTS 


iFfcss’dasoMAKs:?.'^ 


H'..'T~ : TmL12  csOuiuninB  £is«  uwgiMtiVw  of  ^khO 

in  prif\?ortf  ymt  m aanmi4mr>94 , 


su#ib«r  iQ):':  ai!  far6'<uc«(>ii 


S3k  If  T&L12  is  not  sesstivs,  contrwl  1«  t?ensfsrr«4  to  fi7. 

£3k  12  TALZ2  is  nsss^tiv*,  control  Lm  trnasrcrrso  to  Si: 

ft4.  TALilS  is  sst  up  with  kissrjr  s^iuivnlsnt  o<  firs  in  riflit-n44roea 

pfcsltlnn.  Tlis  nsxt  prssor^  of  dlfisrenoca  is  put  in  T4. 

9fik  First  diffsrosoo  is  tnksn  out  of  T€.  Address  of  instruction 
^Asre  rnrinbls  is  to  tte  inssrtsd  in  dstsrsissd  nnd  tbe  rnrlnbls  is 
ins€*rtsd.  TA'^I  is  iacrenssd. 

•<9.  If  ftll  tho  mrinblna  hnv*  b«sn  inserted  in  npproprinte  in- 


struct ion  ocrds,  ccatrcl  is  tmssfsrrsd  to  91. 

i7.  If  sli  tbs  rnrlnblss  ksre  not  been  Inssrtsd,  cestrol  is  trnns- 
fsrrsd  to  CTS2  (He). 


Sd.  ibsa  ail  varinblss  bars  bssn  inssrtsd  in  tbs  appropriate  in- 
struction words,  tbs  Instruction  words  of  tke  sulmbiaw  nre  trsas- 
ierred  to  E4HE.  Control  in  transferrsu  to  STA&T,  so  that  eaob  in- 
striiotion  sAF  be  translnted. 

•9:  Swrl;  is  BAim  is  put  in  the  A rwcistwr. 

90a  If  word  is  not  ssfatirs,  control  is  trsasfsrrod  to  AI.19(99). 
9.1.  If  tbs  word  is  osgatiro,  oostrol  is  traasfsrrwd  to  nxoil. 

9Sa  if  tbs  word  in  BAlfl  is  as  ordis^ry  instruotioa,  address 
£‘.od  oiwraticn  arc  ssparati^.  Address  is  stored  in  ?2  and  tbs 
opsraticn  is  Stgowd  fn  OPTKM.  Frow  Isft-band  Isttsr  of  tbs  adcress 

■TH e X3  r C T.'  t .-irt 

It  in  •listsrBisisd  to  wbicb  block  bslongs.  Address  in  STOkB  is 

subtrsotae  froa  tbs  first  eddrecs  of  tfeis  block  of  rariablos.  Tiis 


differencs  will  be  oegstirs  or 

9S.  if  tbs  diffsrsnee  le  sero.  control  is  transferr#^  to  aDOL. 

94,  if  tka  eiiisrsac<e  in  u«satire,  tb«  niftiktX'vm  of  tu«  E<u'.«Wi  ox 

reriabAcs  in  block  is  obtn  lued  by  subtracting  ridd7«cs  of  tbe  first 
Tarxeblc  ia  block  oeiov  iram  tb«  addresu  of  f irat  reriabls  in 


3l» 


thi*  Ulo<e^. 


to  1.001P. 


this  nuaboir  la  stored  In  TALI.  Control  Is 


00.  If  diff«r<s!sos  is  ftoro,  ttM  vlook  ox  rariai>laa  to  bo 

oneroiuxd  i«  th»  i«st  Is  tso  4£etioasry.  Tho  aosatlva  of  tb# 

aosbox  of  variables  in  tbls  blo^k  is  fn«o4  07  subtract lac  1 oluo  DICTL 
froa  address  of  first  variable  Mook.  This  is  stored  In  TALI. 

96.  Tho  dictionary  vord  Is  is  ths  A resiatar. 

97 . C * CTA 

9S.  If  the  dictionary  word  Is  stored  nexatlvely.  tha  aSdresa  la  o* 
a loft-order  Instruction  so  a aaaatlve  vord  is  la  LS&S. 

ffOTXt  L0B£  will  bo  referred  to  later  only  if  the  oneration  la 
a variable  one.  For  ercaaple,  if  the  operation  la  Uf,.  LOU  vlll 
ladleate  ehether  rleht  or  loft. 


T$»e  aecative  of  the ^^ifrAowu>f...iord  la  put  In  the  A rucider 
Control  is  traa 


99.  If  dlstioaary 
dictloeary  word 


ry  l^rd  Is  ^osl-tlve^  aero  (|#.^orod  In  ItOlX.  The 
Is  ||pt  In  A.'  ! '■  / ' 


^jTw^s  of  .isaia'aoiios  Is  spwtrasred  fs^j<i  syebolie 

V 


for«  is  dictionary 
101 . CT  CT6 


10a.  t'C  AST 

193.  SO  31.44 
114.  CT  AFT 


liftA 
Ji.^9  • 


j.06.  idjuetaeata  a»e  sede  i«?trvsttoas  to  r«post  taw  psx>emmm  with 
eord  iffl  dictioaary. 

TALI  1;$  lacraaaed. 


91 


1 

i 


107.  tS  no  vroTd  is  dictios&rjr  is  fouad  t*hieb  eort-?«^sas  to  sddroas 
of  lastroetion,  control  is  tr«£3feirr«d  to  ^XJD  to  stoa  isatrsetios 
eatll  seo  addrosa  is  Inssrtsd  in  dictioasry 

lOi.  it  tfesrs  are  sore  rsrlsfetlos  to  cork  sltb,  control  is  trass- 
tarred  to  LOOP  <££)  to  repeat  tbe  proaase^. 
lot.  Operation  and  address  are  separated. 

Opersiioa  stored  in  09TUI 

Address  is  stored  la  sjrnbolic  tom  niter  the  last  inatrootiss  in 

HOLD. 

A ^satire  eord  ia  pv^t  is  ROIP,  to  indicate  pMration  la 

trmnslstad.  that  it  ia  to  he  ctorad  in  BOLD. 


A aaro  is  u^aft  in  tl. 
BBLD  is  isereassd. 


110.  Machisa  t«rai  of  addrsaa  is  atered  In  ridtt-tddrass  pseitioa 
ol  Tl. 

Word  in  is  pt:t  la  the  A regieter. 

111.  A aon-aeifetiw  eord  iadioates  that  eo:v«  is  the  seoosd  oacs  of 
a blooh  traa^fer  eovd.  There  is  nc  operattoa  to  ha  trasslsted^  ao 
O'^strol  iii  tafaasfarired  to  STOP. 

iia.  TALI  A»  iwt  tw  i»#s-w . 

Adjnatsnnte  are  to  fled  the  nsehiaa  code  zsr  operntisn. 

IIS,  S^wrxtiajs  eord  is  put  in  S rsghfeer, 

92 


114.  C7  AL39 


llfi.  If  AfMrttiOB  w»rd  is  MgstiT*,  BO  word  la  list  of  oforotloao 
la  foand  to  eorroeiwad  to  ogoratioa  of  laolrootloa.  Coatrol  lo 
traaoforrod  to  BlidOf  to  ladlooto  orsi»sf  la  ogoratloa. 
lid.  Sya^lle  fora  of  o^oratioa  of  isotraotioo  lo  9«^t?£etad  froe 
«TaiN>llo  fora  of  oforatloa  otorad  la  i^hlra. 

117.  CT  CTlOl  (IBB) 

lit.  if  difforoseo  ifl  aot  aoro*  iaatcaetiOBS  ars  sodifiod  and  TALI 
la  laeraaaod.  C«atrai  ia  traeaforirod  to  CSSCZ  to  ropoat  proooaa 
oith  SmSt  oporatioa  storod  is  tho  aaeklao. 
lit.  SU  ia44 


19t.  CT  CTlOt 

IBl.  ilaokiao  code  of  oporatloa  la  addaf  to  addraca  atorod  is  T1  aad 


It  la  at€C9d  la  t 


from  mwmkmr  la  TALI  to 
I laatraatloiia. 

.t  1.  ^ «. 


If  oporatlora  ijt  a^  of  tke  firat 
lit.  If  oporatl^ 


4i. 


lit. 
iaat 

add^  W ddotiooBr; 


IS  oporatl  ^ 
tloo  la  oao  ~ 


▼aalaklo,  BOBB  la  pot  A aoflator  to  aoo  if 
t la  to  pot  4s  BBiS^A^tll  aoo  addraaaoe  on 


ISd.  If  nUP  la  aot  aofatioo,  isstsrsdtloa  la  ast  to  bo  atored  bi 
HOLD.  Coatral  ia  traaafoirrod  to  BSQ. 

ISft.  If  th-9  leatraotioa  laralooe  aa  eddraaa  ohlcb  kae  not  pot  booa 
fvt  is  tiM  dlotloaajrjr  aad  If  tho  laatraetioa  iaoolooe  oao  »f  tlio 
rrajplablo  oaoratloeia,  tkaa  tka  saaoklao  fora  of  oporatloa  la  aadod  to 
the  arakollo  fora  of  tao  addreaa  aad  tko  roe«.Mi  ia  atorod  acaatiral:? 
ia  Coatrol  la  traafiforrad  to  tASW. 

» .4 

V 


tsa.  If  th  1 isistrisstios  « trjftyiabl*  vj’j^sstioa  but  ia  not  to 

b«  ■terts4  la  BOLD^  tboa  It  Is  «stsreia4^>1  frofi  '^ird  la  LO'MM  vbstbar 
fir  sot  tbs  addrsss  rsfsrrsd  to  ia  tbs  lastr^tiou  ia  tbs  ri$bt  or 
lsft-baa4  ordsr  of  tbs  storsjrs  word. 

187.  Xf  tbs  word  ia  UMUl  Is  aot  asgativs*  tbs  addrssa  rs^srs  ts 
tbs  lsft>bsiid  ordsr  of  tbs  storags  word.  Kotbiog  sssd  bs  doas  ab^Jist 
altsrl^  tbs  opsratloa,  mo  soatrol  Is  traosfsr^sd  to  Taii?. 

12S.  Xf  the  iastniotioa  iarolrss  a rarlabis  opsratloa  sad  if  LOKk 
iadloatss  that  tbs  addrsaa  rsftrs  to  tbs  right -baad  srdsr  of  tbs 
storage  word,  ttis  oaobias  oods  for  opsratioa  is  laorsassd  by  oas  sad 
result  Is  stored  la  Tl.  Coetrol  Is  trsasfsrrsd  to  TdS?. 

Itt.  Zf  instrttotios  dess  set  IsrolTS  oas  of  tbs  rarlsbls  opsTstloas, 
It  Is  dstsralBsd  zroa  tbs  word  la  I^SP  vbstbsr  or  aot  lastruatles  la 
ts  bs  stss'sd  la  901S. 


150.  Zf  'SSS9  SiNBtalas  a s<^~arttatiys  word,  lastraotlsa  is  set  to 

bs  fitorsd  la  BOLD  aad  Tggw . 

151.  Xf  1198b  eoatalf^  ^asgatlrs  word^  tl^^gdblas  fsm  sf  siaprstloa 

I ^ J AU  ^ \ 

is  adssd  to  ^yabellCfsra  ?•— ^t  stored  sAs&tirsly 

ma:^.  Coatrol  la\rgasferrsd  to  tiff. 

Iff,  tbs  wsyd  la  STXSS^St^^t  fa  M, 

Its.  A Peeitirs  asabsr  la  lUlisatss  ea  ordlaary  laetraetio«i 

sod  ooiitwol  la  traasfsrrsd  to  tAS  <18i) . 

134.  A ssigattrs  word  la  BflMD  Isdisatsa  a aloeli  traaefsr  lastmotloa. 

Coatrol  is  tratssfarrsd  to  inob  to  tsho  sara  of  the  £#si: 
i'M,  Tbe  word  la  iWiCl  la  pe^.  la  tbs  A rsglstor. 

ISA.  Xf  word  la  aot  oogati^s,  eowir^l  la  traaeterred  to  C7S9. 

137.  A aogatir;.^  ia  SVIC8  tbs  lastirustiea  to 

be  stored  tvjtlsm  Isft-bssd  order  of  tbs  ooetrol  word.  Tas  oodod  IB'- 

str^tioa  la  Tl  la  sfelfted  to  the  isft-bead  ordsr  ©f  tbw  word  sed 
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10  9tOir«d  in  FOUI.  5«iCB  lat  r«esi  &a4  eoatrol  Aa  traanfarr^d  to 
tTKZ. 

13t.  A Sa  BWfCif  isdic&too  a rlght-cnrda?  iaatiraatlea, 

Isatrvctlva  ia  T1  la  aodad  to  laatraotloa  la  FORM  to  tan  a «oir4 
wit  A anrlght  »ad  l«ft<op4or  laatmetloa,  8W1CK  la  ronot  aad  FOaM  la 
aat  to  Boro. 

130.  TAL13  :lo  laovoaaod. 

140.  It  TALI3  ie  aot  aogatlao,  tbaro  are  so  so?£  tK»rda  la  BAMI  to  b« 
talMnft  oa»'«  so  ooatrol  is  traasfsfiisd  to  SSST. 

141.  Sf  tALI3  la  sogatlvo,  thara  ars  sors  vorda  la  BAKK:  to  traaalato. 
Vork  ie  reset  aad  ooctral  is  traasferred  to  STAB?. 

14S.  ;i£  «ovd  is  SAKk  is  o«vgatire«  It  %'lll  be  either  a shift  or 

tt  bleek  treaefor  laetreetloa.  The  poeltlre  fore  of  toe  t^rd  la  pet 
la  TQ  aad  la  -1,  «ord  i»  shifted  so  that  oaly  too  firat  bit  is  la 
A.  SS44  is  sebtrastad  free  pert  seesleleg  la  A. 


&4i.  If  reeelt  is  ssat 


traesfer.  eo  ooatrol><f4«. 


rsr  thes  laeirootiae  lareiree  a bloek 

«-'>  s 1 . ..V-  ' 


144.  If  reeolt  Ijf  direst  ire,  laatreOtfiib  lerolreu  e shift.  Tbs  aoeber 
of  bits  to  be  ebifted  Coel^l  ie  treasfsrrsd  to  TC* 
to  traaelaie  tbex^rati^,.  . y 


% 


143.  gvica  is  pet  ^*4^ 

143.  A peeitire  «srd'T«''^|M  issSleatee  that  the  liistreotioa  that  vae 
Jest  traaelated  see  s4«f3-ksaiK  oa-a  sad  eaa  stored  ie  irl.  Coetrol  ie 


treaeferirsd  t#  CfT. 


147.  If  prorioeo  iastrectlea  vas  a rlKbt-ovder  oae,  «ostr«9l  is 
trs&^srs’ed  to  TC8  (143). 

143.  Ali^«  a bloek  tssssfer  Icj^restloa  taker,  un  e ohMs  tba 

riFht-'aiiMd  ordor  of  pre^'loev  iastreotios  is  sat  to  frsrioos 

ioatreotAoa  was  a iwli-ogiimr  cae..  laatrectlon  ia  ator<td.  SPICK  ie  reset. 

0S 


£40.  BTilfD  is  Mtt  aad  e&stirol  to  tS4TI  to  intnelaC* 

ftoo  fliPiBt  9«rt  of  tbo  iaotiraetiOM  bs  s«  ordioory  iaotrtaetloo. 
t.1^^  tiboa  zlrot  word  of  tolook  tyaaafar  lootirootloa  1»  tvaaolatod. 

Hit  la  atorod  la  laft>liafid  ordar  of  ftTliT.  OFIku>  la  oat  ao  tbat  oolf 
dbo  addjrooo  of  tbo  oast  vord  vill  bo  t^aalatad.  ?CftK  la  roaat. 

porta  of  tha  aeooad  bioob  traaofor  word  ora  aoporatod.  Tbo 
dMabar  of  aorda  to  bo  tronafarred  la  atorad  In  Tf.  Addrosa  to  bo 
draaaXotod  la  atorad  in  t2.  Contsol  la  troaafainrod  tc  mH?  to  trsaa- 
pa.  > tho  addvaaa. 

oos^lota  blwcb  trooafar  isatniotlca  la  oat  ep  in  A roslator 
dQ  troaalntad  fora.  Control  io  irosaforrod  tc  PIACB  to  stora  in- 
fTitroetlOD  la  rApproprlata  flooa. 

MS2a  mMBK  i.s  raooadod  oa  aapaotio  tip#  to  iadloato  aa  aafror  la  tbs 

fiiotloaarp  memory, 

ulS,  asxa  la  rooordad  aa  awcaatio  tapa  tc  ladl'tata  aa  arror  in  a 

ciiLrovtia#  * 

U&4.  €t99MM  la  rooerdad  on  ■aanatia  tap#  to  Indlonta  aa  orror  la  tba 

sw^s^tloaa. 


yw»?<’g)cr:^'icgg^«'.*=i^  •'Ti  c i T^<#ri ' ^ »'  %tm  a^nur^ 


itCiBOyLiaiagnrts 


T^  ^?ls  «s  Ap9«»«iir.  i wmm  4mm>  at  tM  Ssinp.I  fiwieaavs^  Lalft97- 

atot*j  vltb  to*  aM&etMMM  ol'  1.  of  tho  Naval  Baaaareb  Lab- 

\ 

ofmt&Fy*  aatf  8.  AB8avM«i.  fovttarlj  of  tnfta  Colloge  aa€  soar  at  tba 
Naval  aaaoarob  Labovatotry . tbo  trark  ea  ApNOsdia  11  vaa  doee  vitb 
tmv  v«siatasc9  of  F.  Spata  of  Tufta  Collago.  Tbo  oodiap  eyatvw 

J 

la  ac  «5t«a9£v«  alokavatioe  t •'  pFaviesa  ^vk  dssa  at  Cosraall  Aavo  • 
aaatieal  Lakoratovf  aadav  a ooatTaet  aappovtod  bp  tho  offl«a  of 
Naval  Saaaarob. 


NOTICE*  WHEN  C-OVERNMENl’  OR  OTHSH  DRAWINGS.  SPECIFICATIONS  OR  OO’KER  DATA 

ake“uSEd  for  any  purpose  other  tkan  in  connection  with  a definitely  related 
government  procurement  operation,  the  U.  S.  GOYERNMENf  THEREBY  INCURS 
NO  RE^P<^NSIBIL!TY.  NOR  AMY  0BLii»ArX0N  WWATSOEVER;  ANP  THE  FACT  THA.7'  l ilt, 
government  MAY  HAVE  FORMULATE!?,  E'JRNISHKD.  OK  IN  A.NY  WAY  SUPPLIED  THE 
=;AID  DRAWINGS  SPECIFICATIONS,  OR  (TTKER  DATA  LS  NOT  TO  BE  REGARDED  BY 
I IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  Ai^Y  OTHER 
! PERSON  OR  CORPORATION,  OR  CON\'’ETEK3  ANY  RIGHTS  OR  P^RMTSSTON  TO  MANUFACTURE 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  AHt  WAY  BE  RELATED  THERETO. 


